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SUMMARY AND CONCLUSIONS

This analysis was made to assess the potential impact on the environmeat
of transporting fuel and solid radioactive wastes for nuclear power plants
under existing regulations. Most plants do not ship gaseous or liquid
wastes off-sicte. :

The regulations are based on two main considerations:

a) to protect the émployees. transport workers and the public from
external radiation in the transport of radioactive material under
normal coanditions, and :

b) to assure that the packaging for radioactive materials ias designed
and constructed so that, under both normal and accident conditions,
the radioactive material is unlikely to be released from the packaging.

The objectives of the first consideration are met by limitations on the
radiation levels on the outside of packages of radioactive material and
stowage and segregation provisions. Based on the detailed analysis which
follows, we have estimated that the radiation dose under normal conditiomns
of transport to the individual receiving the highest exposure is unlikely
to be more than 500 mrem/yr and the average radiation dose to those indi-
viduals in the highest exposed group is about 100 mrem/yr. The Federal
Radiation Council has recommended that the radiation doses from all
sourcas of radiation_ other than natural background and medical exposures
should be limited to 5000 millirem/year for individuals as a result of

occupational exposure and should be limited to 500 millirem/year for

individuals in the general population. -The cumulative radiation dose to
all transport workers 13 about 3 man-rem* per reactor year. The cumula-
tive radiation dose to persons other than transport workers is about 2
man-rem per reactor year distributed among approximately 600,000 people.
Por purposes of comparison, the dose due to the average normal background
radiation, about 130 mrem/person/year, would be about 78,000 man-rem per
year for this group of 600,000.

The heat and weight in any one shipment and the total number of shipments
from a typical light water reactor are small so there will be no appre-
cliable effect on the environment from the shipping of the fuel and solid’
radwaste due to heat, weight, or traffic density.

Safety in radioactive material transport is achieved throuvgh design
standards on packaging and implementation of a quality assurance program,
including prooftesting and independent reviews, to assure conformance,
to correct problems, and to help assure continued satisfactory (design)
performance over the lifetime of the package under normal and accident
conditions.

Every package must be designed and {=3 use monitorad to prevent release
of radioactive materials not only duri:g nommal conditions of transport,

*"Mac-rem i3 an expression for the summation of whole-bcdy doses to
individuals in a group. .
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but also under other postulated abnormal circumstances developed through
analyses and defined in the regulations.

The industry bears the primary responsibility for assuring safety in the
packaging and transport of radiocactive materials. The industry's activi-
ties are regulated by the Atomic Energy Comission (AEC) and the Departc-
meat of Transportation (DOT). The regulatory functions include review
of designs, quality assurance programs, testing, and use of packaging
for radioactive materials. ’

The probability of an accident occurring in transportation is small, about.
one accident per million vehicle miles, and decreases with increased
severity of the accident to about one severe accident per 100 million
webicle miles and one extremely severe accident per 10 million-million
wehicle miles. For a typical nuclear power reactor, an estimated 112
shipments of fuel and wastes involving a total shipping distance of about
90,000 vehicle mitles will be made each year. Based on these data, a
shipwent of fuel or waste will be involved in a transportation accident
oace 1n about 10 years and one accident out of about 100 will be severe.
Because of the package design and quality assurance, the probability of

a brcach in the containment of a package involved in an accident 1s small
and related to the accident severity. Because of regulatory limits on
contents of packages and the nature and form of the unirradiated and
irradiated nuclear fuel and solid radioactive waste from a light-water
nuclear power plant, the amount of radioactivity which would be released
if a breach were to occur in a Package 1s unlikely to be large and although
the conssquences could be serious, they would not be catastrophic.

When both probability of occurrence and extent of the consequences are
taken into account, the risk to the environment due to the radiological
effects from transportation accidents is small. Accidents to packages
wore severe than the design basis accident for type B packages can occur,
Sut the probability is very low (see Appendix A), and, although the conse-
quences could be severe (see Appendix B), the risk is small. Because the
risk frow such events is so low and has been discussed in this Environ-
mmtal Survey, evaluation of the environmental impact of such accidents
would not be required of applicants in future Environmental Reports.

Within the United States over the past 25 years, there have been only about
300 reportable accidents in transportation involving packages of radioactive
materiil. Only about 30X involved any release of contents or increased
radiation levels, and none resulted in perceptible injury or death attribut-
able to the radiation aspects. Millions of packages of radloactive material,
including more than 3600 packages of irradiated fuel, have been transported
during that period by all wodes of tiansport.

The risk of injury or property damage from accidents due to common (1.e.,
other thin radiolegical) causes in the transportation of nuclear fuel and
solid radioactive waste also is small.

A.

SECTION I. INTRODUCTION

Scope

" In implementation of the National Environmental Policy Act of 1969,

the AEC requires applicants for a license to operate light-vater
nuclear power plants to evaluate the eavironmental impact of
transportation of nuclear fuel and solid radiocactive wastes to and
from the plant.

This is a general analysis of the impact on the environsent from the
transportation of nuclear fuel and solid radicactive wastes to and
from a light-water-cooled nuclear power reactor in accordance with

the present regulatory standards and requirements. The analysis is
based on shipmeats of fresh fuel to and irradiated fuel and solid
radiocactive waste from a boiling water or a pressurized water reactor
with design ratings in the range of 3,000 to 5,000 megawatts thermal
(M¥t) or 1,000 to 1,500 megawatts electrical (Mie). The nuclear fuel
for the reactors considered was in the form of sintered uranium dioxide
pellets encapsulated in zircaloy rods with a U-235 enrichment ranging -
from 11 to 4X by weight of the uranium present. The analysis was

mads with the assumption that present methods of transportation and
existing standards and criteria for transportation will be applied
over the operating life of the reactor.

Estimstes wvere made of the impact from radiological effects and from
common causes under normal conditions of transport and accidents.
Transportation by truck, rail, and barge was analyzed, and probabilicties
of accidents calculated.

'Puggosn .

This Environmental Survey dealing with the transportation of radio~
active materials for nuclear pover reactors under the present regula-
tory standards is being circulated as a "generic" analysis. It

sppears likely thact the envir al imp of transportation from
most nuclear power stations would fall within the scope of the parameters
specified in this general analysis. It is anticipated that this
“generic" analysis will provide the basis for the applicant's and the
Cosmission's analysis of the impact on the environment of the crans—
portation of fuel and solid radiocactive vaste under normal conditions
of transportation and the design basis accideat, i.e., accideat damage .
test couditions specified in the regulatiocns. .
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C. Principles of Safety in Transport

Most shipments of radicactive material move in routine commerce and

' on conventional transportation equipment. Shipments are.therefore
subject to the same transportation environment, including accidents,
o - as non-radioactive cargo. Although a shipper may impose some con-
ditions on 'the carriage of his shipment, such as speed limitations,
providing an escort, etc., most of the conditions to which his shipment

SECTION II. SUMMARY OF RESULTS OF THE DETAILED ANALYSES

A summary of the results of the analysis of the impact on the environ-
ment from transportation of fuel and solid radvaste associated with a
light water nuclear power plant 1s given below. Details on each type
of shipment ave givan in the Sections which follow. An gnalysis of

— is subjected and the probability of his shipment being involved in sccidents and some methods of calculations £ d and -
an accideat are not gubject to his control. Protection of the public sented in the Appendices. of domes and risks are pre
(e» and transport workers from radiation during the shipment of radiocactive

materials is achieved by a combination of limitations on the contents
according to the quantities and types of radioactivity and standards -
and criteria for package design and control. Safety in transportation
does not depend on special routing, although special routings are

usi:d at sowe bridges and tunoels to avoid possible interference with
the flow of traffic should an accideat occur.

A. Bases for Analyses

The estimates of the environmental effects of trangportation are
based on average conditions for such parameters as shipping distance,
weather, radiation levels, package contents, population density, and
accident frequency. The bers ‘of ship s of fuel and radwaste
vers estimated on the basis of those anticipated from a typical 1100
Mia light-water-cooled nuclear reactor. The degree of package damage
assigned to different accidents represents judgmwent based on the

(o2 . Primary reliance for safety in transport of radioactive material is
placed on the packaging. The packaging must meet regulatory standards

9

established by the Department of Transportacion, Atomic Energy
Commission and the States (see Section III) according to the type and
forn of material for containment, shielding, nuclear criticality safety,
and heat dissipation. The standards provide that the packaging shall
prevent the loss or dispersal of the radioactive contents, retain
shielding efficiency, assure nuclear criticality safety, and provide
adequate heat dissipation under normal conditions of transport and
under specified accident damage test conditions, (i.e., the design
basis accident). The contents of packages not designed to withstand
accidents are limited, thereby liwmiting the risk from releases which
could occur in an accident. The contents of the package also must be
limiced so that the standards for external radiation levels, temperature,
pressure, and containment are met.

Protection from external radiation is provided by limitations on the
radiation levels on the outside of packages of radioactive materials
and stowage and segregation provisioas. The number of packages in a
single vehicle or area 1s lirited to control the aggregate radiation
level and to provide nuclear criticality safety. Minimum separation
distunces from people and undeveloped film are specified for loading
and storing packages of radicactive materisl to keep the exposure
.of persons and film to a minimum. -

cetdd T P e

AN 1 g S

R

results of tests of packages and the small busher of accidents to
date {nvolving packages of radicactive material. The basis used for
estimating the environmental effects is -considered appropriate
because, 1in the Staff's view, the effects are so small that

further refinement is not warranted. If adjustment i3 desired for a
particular case, suitable factors will be found in the details of the
technical assessmant. '

The total number of shipments estimated to be shipped for a typical
Teactor each year are shown in Table 1, together with estimated average
nusber of miles each type of shipment would be carried.

Heat

®
The amount of heat released from a shipment of unirradiated nuclear fuel
or of ‘solid radioactive waste is negligible. A rail cask containing
irradiated fuel may release as much as 70 kilowatts of heat or about
250,000 Btu/hr. This might be conpared to about SO kilowatts of vaste
heat released from a 100 horsepower truck engine during full power !
operation. Even in those cases where more than one cask 1s located
in an ares, sruch as two or more losded casks on a barge or tratu,
the smount of heat released during shipment 1s too small to have any . -
appreciable effect on the environment along the shipping route.

/
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TABLE 2

ESTIMATED RADIATION DOSES
UNDER NORMAL CONDITIONS
PER REACTOR YEAR

Uniryadiated fuel (by truck only) Man~rem Number of People
Transport workers . 0.01 ’ 40
" General public - onlookers © 0.0003 60
- peoplov along the route 0..)0'1 I x 10s
Irradiated Fuel Truck ‘ Rail Barge
Haq-rea No. People Man-rem No. People Man-rem No. People
Transport workers 1.2 4 0.05 100 0.04 10
- . . 2.6)» - (22)»
General public -
ocnlookars 0.8 600 0.1 . 100 - -
people along ) 5 .
the route 1 3x10 0.2 3x10° 0.03 1x10°
Solid Waste Truck ‘Rail
Man-rem  No. People Man-rem No. People
Transport vorkers 1 s 0.05 100
ifnmul public - i . .
ocalookers 0.6 500 0.1 100
people along 5 : ‘
the route 0.4 1.5 x 10 0.1 1.5 x 10°

*For shipments transported by truck from the reactor aite to a nearby

railroad, transferred from truck to railroad car, and shi
car to the fuel recovery plant. ’ shipped I"y ratizosd

protection guide for the average exposure to the general population from
all sources of radiation other than natural background and excluding
radiation exposure for medical purposes. The dose to those same persons
due to the average normal background radiation, about 130 arem/person/year,
would be about 78,000 man-rem per year.

Radiation Risk from Accidents

The risk of radiocactive contamination or radiation exposure from
accidents in trmp_ortauon is extresely small.

As shown in the analysis of accidents in Appendix A, the probability

of a truck, ul}‘ or barge accident occurring in transportation is very
small, sbout 10 © per vehicle mile. Based on those accident statistics,
the average number of shipments per year and average shipping distances,
a shipment of nuclear fuel, solid radwaste, or empty fuel shipping
containers for s typical nuclear power reactor would be involved in a
transportation accident offsite about cnce for each 5 years of reactor
operatioa. .

More than 70X of the accidents which occur are of a minor nature and
would produce little or no damage to a shipment. Lass than 1Z of the
sccidents involve a severe impact or fire.

The probsbility of a release of radioactive material or an increase

in external radiation levels in an accideant are small. One-third of
the shipments are empty containers. In a severe accident, the vehicle
say sbsorb most of the impact and the fire may not involve the shipment
of radicactive material. Packages containing radicactive materials '
which might present serious potential radiation hazards if releasea must
be designed to withstand accident conditions. The regulations limit
the contents of packages not designed to wvithstand accident conditions,
so ocaly a small amount of radiation sxposure would result should the
package be severely damaged. :

The extent to which the material is dispersed and the amount of
radiation exposure -that results from the release are affected by

the westher conditions and the number of people in the vicinity of

the accideat (see Appendix B). The probability is small of a severe
accident occurring in & locatiocn where the population density is high.

9 0029
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Risk from C Ca

The impact on the environmeat from accidents in trangportation of
unirradiated fuel, irradiated fuel, solid radwastes, and empty containers
due to common (non-radiological) causes 18 eatimated to be 1 fatal injury
in 100 reactor years, 1 non-fatal injury in 10 reactor years, and
property damages of about $475 per reactor year (see Appendix C).

_Mtcmtivcs

The risk of radioactive contamination ‘or radiation exposure to the
environment from the transportation of fuel and radwaste from a power
reactor in containers designed to meer the present packaging standards
is emall. Alternatives and additional measures such as tightening of
the standards to require additional accident protection and special
routing of shipmeats, providing escorts, and requiring additional
shielding to contalners, were examined for the general case. Although
some of the alternatives offer apparent advantages in terms of reducing
the radiological effects on the eavironmeat, the overall risk from .
radiological effects is small. Any reduction in those effects by
additional measures would to some extent be outweighed by an increase
in adverse effects of g non-radiological character and by a large
comitment of additional effort and equipment. Adoption of one or

- more of the alternatives in specific cases might be justified. How-

ever, the advantages of the alternatives do not appear to be suf-
ficient to warrant their adoption as general requirements,

SECTION ITI. REGULATORY STANDARDS AND REQUIREMENTS

Packaging and transport of radioactive materials are regulated at
the Pederal level by the Atomic Energy Comm.lasion,1 the Department
of Transportation (DOT),? and the U. S. Postal Service.’ Certain
aspects, such as limitations on gross weight of trucks and transporta-

‘tion not subject to DOT, AEC, or the Postal Service regulations, are

regulated by the States. Most States have adopted regulations pertaining
to intrastste tramsportation of radioactive materials which require the
shipper to confora to the packaging, labeling, and marking requirements
of the U. S. Department of Transportation to the same extent as if the
transportation were subject to the rules and regulations af that agency.

A. Packaging Sﬁandards and Requirements

The packaging standards and criteria are found in the regulations of
the AEC (10 CFR Part 71) and the regulations of the DOT (49 CFR Parts

- 170 through 179).

-1 -

The present criteria provide assurance that packaging designed to
mset such standards can be carried on all modes of transport and will

_withstand the condicions likely to be encountered in accidents. As

developed, the criteria specify tests of packaging which can be carried
out either in the laboratory or in the field with conventional and
readily available equipment and facilities. The criteria, which were
first published by the International Atomic Energy Agency in 1964,

have been adopted in many 1nternational and national transportation
regulations and served as the basis for the regulatory standards and
criteria of the U. S. They were based on a detailed analysis of normal
and accident cooditions in transport and nearly 20 years of experience
in shipping many types of radioactive saterials.

To meet the regulatory standards, packaging must be designed and
coustructed to provide two and, in some cases, three levels of

.protection.

The packaging must function in the normal transportation environment
vith s high degree of reliabilicy. Systems selected to achieve the
basic design functious, i.e., containment, shielding, heat disstpa-
tica, and nuclear criticality safety, must provide s high degree of
inherent safety under normal conditions and have a high tolerance
for malfunctions, off-normal conditions, and accidents ghould they
occur. Each shipping container is checked routinely to assure thac
the "as built” high quality is maintained throughout {ts lifetime.

Despite the best possible design practices and the highly assured
capability for reliable and practicable operation, allowance is

made for mslfunctioas, off-normal conditions, and accidents by
providing an additfonal level of protection to resist or accommodate
such occurrences. is with the primary level of protection, conserva-
tive design practices, adequate safety margins, and inspectability

. axe incorporated into these secondary protection systems to assure

both the effectiveness and reliability of the second level of defense.
In addition, these systems are designed to be routinely examined and
teated g0 that there 1s full assurance that they will ocperate reliably
if required. ' .

As an added measure of safety, where the design includes wechanical
systems essential to safety, the design is evaluated under normal
conditions and against a serles of severe hypothetical accident
conditions, assumirg certain of these protective systems fail. If

- such. failure coald produce serious consequences, additional protec~

tive measures, or redundancy of the safety systea must be provided.




QUANTITY LIMITS AS RELATED TO PACKAGE REQUIREMENTS

TABLE 3,
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A Large Quantity is defined as any qhantity in excess of a Type B quantity.
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The type of packaging is specified in DOT regulations, 49 CFR 173,

according to the type and quantity of radiocactive material (see Table
3). R .

Radioactive materials are divided into two broad classes: (1) "special
form” which is a maseive, non-frisble, solid material or material coa-
fined in & high integrity capsule of inert material, and (2) "normal
forn" which applies to all radioactive materials which are not “spectal
forn.” HNormal form radioactive materials are classiffed into seven
g§roups of radionuclidas based primarily on radiotoxicity of the radio-

ouclides. Package limits for the seven transport groups and "special
fors” are shown in Table 3. )

Small quantities of radiocactive materials, certain concentrations,
swall quantities of.radicactive materials in manufactured goods, and
low speciiic activity materials may be shipped in strong industrial
packagas and ars exempt from specification packaging, marking and
labeling with the radicactive material label. The Postal Service
regulations generally allow the exempt quantities to be shipped by
mail in leakproof containers.

Type A quantities of radicactive materials must be shipped in packaging,
identified as Type A packaging, which will prevent loss or dispersal of
the radiocactive contents and retain shielding efficiency aad effective~
nese of other safety features under normal conditions of transport.
Standards for evaluation and testing of adequacy with respect to normal
conditions specified in AEC and DOT regulations include temperatures
‘ranging from -40°C to 130°C, all surfaces except the bottom wet for 30
ainutes, being subjected while wet to a & foot free fall, vibratfoa"
normally encountered in transport and extermnal pressure reduced to 0.5
atmosphere. : :

Quantities exceeding Type A quantities must be shipped in Type B
packagiog. Type B packaging aust be designed to withstand normal
transport counditions without loss of contents or shielding efficiency
and to suffer no more than a specified loss of contents or shielding
efficiency 1f subjected to a specified sequence of accident damage test
conditions. That damage test sequence fncludes: (1) a free fall from
a height of 30 feet ounto an unyielding surface with the package landing
in the orientatioa which does the most damage, (2) a free fall from a

"height of & feet onto a 6-inch-diameter steel plunger long enough, and

vith the packase in the orfentation, to do aarimum damage, (3) heat
input from exposure for 30 ainutes -to a fire or other radiant environ-
mant having a teaperature of 1475°F and an emissivity of 0.9, and (4)
for fissile material, immersion in water to a depth of 3 feet for 24

‘I
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hours. Those test conditions make up the design basis accident for
type B packages; i.e., package designs which meet the criteria under
these test conditions are considered to provide adequate protection
to the public and operating personnel in transportation accidents.

Large quantities must be shipped in Type B packaging which p..vides
for adequate dissipation of heat. 1In addition, there must be no loss
of contents at an external pressure of 25 psig, which 1is approximately
squivalent to immersion in water to a depth of 50 feet.

With respect to heat dissipation, the regulations require the package
to be designed so that the temperature rise due to decay heat will not
advsrsely affect the package or the contents and will not cause
excessive pressure. The accessible surface of the package must

not exceed a temperature of 180°F.

Nuclear Criticality Safety

Fissile material (i.e., uranium~-233, uranium-235 and plutonium) in
quanctities exceeding 15 grams per package or in concentrations exceed~
ing 500 grams of U-233 or Pu per liter or BOO grams of U-235 per liter
Tequire some control in tramsport to assume safety from accidental
criticality. Nuclear criticality safety in transport is provided by
assuring that the contents of each package of fissile material is
subcritical when delivered to a carrier for transport and that the
package is so designed that it will remain subcritical under all
conditions likely to be encountered in transport, including accidents.
In addition, the contents r.:t be limited or the package must be
designed so that the number of packages which are likely to be
accunulated in one vehicle or area will be subcritical under all condi-
tions likely to be encountered in transport, including accidents and
handling errors.

The AEC regulations specify the conditions for evaluating the adequacy
of design of a package for fissile material including form and geometry
of the contents and moderatlion and reflection.

The package design must be evaluated against the accident damage test
conditions discusaed earlier for Type B packages.

A package for fissile material must be so designed and constructed and
its contents so limjited that the following numbers of such packages
can be shown to be subcritical in a moderated and reflected array
according to the Fissile Class (I, II, or III) co whichk the package

is assigned. .

.Fissfile Class I

All Packages
Damaged as in
Normal Conditions Accident Conditions

any number 250 packages

2 times the allowable
numbers®

FPissile Class II 5 times the allowable

number®

FHasile Class 1II beside an identical

shipaent

® The allowsble ber 1s the b
be allowed in one shipment.

the allowable number*®

of the same type of packages to

The conditions for transport vary according to the Pissile Class.
Fissile Class II packages are controlled by the carrier as to an allow-
able number on s vehicle or in one bandling or storage area. This is
done by the simple system of assigning a number to each package, called
a transpccet index, and requiring the carrier not to allow more than an
accumulation of 50 transport indexes on a vehicle or area. This system
has been applied to limiting the accumulated radiation level since 1948.

Por Fissile Class III, the shipment must be made exclusive use (i.e.,
the consignor loads the shipment and the consignee unloads the shipment
and nothing is allowed on the vehicle other than the consignor's
material) or by an escort provided by the shipper who assures the
shipment 1s kept separated from other fissile material, or soms other
procedure specifically approved by DOT.

" Fissile Class I packages do not require limitations on the number of

packages in an ares or vehicle for nuclear criticality safety.

In some cases physical properties limit the number of packages in a
shipment. Por example, in most cases one irradiated fuel cask is
shipped ou a truck or rail car and the cask 1is shipped exclusive use
bacause of weight liaications on the wehicle even though some designs
might meet the Fissile Class I requirements. Por unirradiated nuclear
fusl, the allowable number of packages for Fisaile Clasa II in the
case of one design of PWR package 1s 20. However, because of the size
and weight of each package, only 6 or 7 can be loaded on one truck.

Packaging Design Review

At the present time, the AEC reviews and issues approvals for designs
of packages for shipping large quantities bnd fiseile materials. DOT
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d 1ssues approvals for Type B paékage'designs and, based on
:;zi:::l:uons. 1sss:s approvalsrzor large quantity and fissile material The radiation eaitted from individual packages of radiocactive raterial
package designs. . : » 1s limited by the DOT regulations® to no moce than 200 arem/hr on the
. surface to limit the direct exposure to the person handling the
: Applicants for approval of a ackaging design must provide a detailed A . package, and no more than 10 mrem/hr at 3 feet from the surface of the
. l::lyliu of thatpgeslgn to de:onstra:e that the design meets the packaging . Package to limic the radiation level to which persons and property in
N standards and criteria. The demonstration that the packaging design is i » the vicinity of the package would be exposed.
adequate may be made by quantitative assessment, tests of models of )
— - packaging details or mock-ups representing the methods of construction If a package is shipped in a closed truck or rail car under the "exclusive
) used, crtrapolation from test results for similar designs or designs usa" conditions (which @eans. it 18 loaded by the consignor and unloaded
’ eployiug similar construction features, actual tests of samples of j by the consignes), the radiacion level at 3 feet from the surface of the
-— packaging made to the design, or other evidence. ‘package 1s limited to 1000 mrem/hr provided the radiation level does
. ) ’ ) not exceed 200 mrem/hr at the surface of the vehicle, 10 wree/hr at 6
p DOT plans to discontinue 1ssuing specific approvals for radioactive fest from the outside surfices of the vehicle, and 2 wrem/hr in either
© 2t.er1|1pp:ckages which meet all of the packaging standards. In December the driver's compartment or other normally occupied positions in the
1971, the AEC and DOT published“ proposed regulatory changes unde:avhich . truck or rail car.
t fer to the AEC all of the radioactive material packaging . .
Borr:::idfu::::o:s. The final regulatory changes are sxpected to be As & simpls indicator of the radiation dose rate from an individual
z::u hed within the next few months. ' o package, the regulations define one “transport index" (TI) as being
P shed w f equal to 1 mrem/hr at 3 feet from the surface of the package. The
1 regulations specify limits for aggregations of packages in terms of
o D. Quality Assurance and Control , the sum of the transport indexes, The nuzber of packages stored or
g : dled in goe area or loaded on one car or vehicle aust be so limited
o ible that a package will be constructed or used in a manner han . »
A :::i:np:::otdance withpthe gesign; however, the likelihood of such that the sum of their transport indexes does not exceed 50. This
o™ errors 1s considered gmall in view of the regulatory requirements for Y preavents a large aggregation of packages, each with a significant
V uality sssurance and for various observations and tests before each . Tadistion level, froa producing a much higher radiation level than
- q s : 1 destrable becsuse of the additive effect of the radiation levels from
o shipment. . 3 all of the packages. N .
Under the Department of Transportation regulations, sach fabricator R | Simol : - ’ )
d1 bject to | 4 imple tables of minimum separation distances? from people and un-
o of specification ;"““1““’ must register with, and is subje : .4 exposed film are specified for packages of radioactive materials in
inspection by, DOT. ] Storage and on vehicles in terms of the sum of the transport indexes
o~

containers. Under AEC regulations, licensees who wish to fabricate -
casks are asked to describe their quality assurance program when they
apply for approval of the design. 1In addition, the regulstions require
that packages for fissile material and large quantities be tested prior
to first use with respect -to shielding and heat dissipation and prior

to each use as to proper assembly, proper cloaing. temperature, pressure,
and presence of neutron absorbers.

The regulations specify certaln tests that must be carried out on such ] " 1n each group of ?ackages. '
Whether there is one package or a large number of packages in a vehicle
or a location, the transport worker or carrier is required to read
each TI, add the total number of TI's present, determine from the
tables in the regulacions the distance those packages must be kept
from fila and coutinuously occupied areas, and assure that those
‘Separation distances are provided. )
-4 The transport tndex system has also been ;dapted for limiting aggrega-
) ! tions of packages containing fissile radioactive materials to assure
: . ouclear criticalicy safety. The shipper determines in accordance with
i osure of transport workers and the general public ) -
f::e;m: "“::t::i.::puf packages ofP“dloacu" waterial is controlled Specific criteria latd down in the AEC regulations of the AEC a traas-
4 : . ttm:or: by several .Jifferent methods ’ o Port index figure which is to be assigned to the fissile material
uring trans . 3 > *

E. - Radiation Level Limttations

TEI

M
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package. For shipping, the shipper assigns to each package of fissile

material the nuclear safety TI as calculated or the radiation level TI

(as described earlier), whichever is the higher. The transport worker,
as 18 the case for radiation levels, adds !ie TI's and by complying
with the limitation on the aumber of TI's in any one vehicle or loca-
tion, limits the amount of fissile material in all types of packages
to safe limits. The TI assigned to individual packages of fissile
material for nuclear safety reasons takes into account that, in cases
other than exclusive-use shipments, 2 times, or as many as 5 times

the permitted total number of TI's in a collection of packages may be
inadvertently placed together.

It will be recognized that mixing nuclear safety Tl's with radiation
level TI's in the course of transport increases the margin of safsty
for both since they are not synergistic.

Surface Contamination Levels

DOT regulations® also require that there be no significant removable
surface contamination on the external accessible surfaces of packages
vhen they are shipped. Levels of removable contamination on the
surfaces are determined by a wipe test. The regulations consider

the level is “not aignificant" if the activity on the wipe does not
exceed 10! Ci/cm? for beta-gamma emitters and 10-12 Ci/cn? for alpha
emitters. Any fixed contamination of the surface f{s limited by the
external radiation level limitations discussed in the previous para-

graphs .

External Temperature

The DOT ngulatiomx9 limit the temperature at any accessible surface
of the cask to not more than 122°F at any time during transport, axcept
that for full load or exclusive use shipments, the temperature may be
180°F. : '

. Warning Labels .

Each package of radioactive material is required by DOT regulationslo
to be labeled on two opposite sides with a distinctive warning lasbel.
Each of three label formats bears the unique trefoil radiation symbol.
The label alerts persons handling packages that the package may require
specisl handling. If the background color of the label is all white,
the radiation is minimal and nothing special ie required for that
package. 1f, however, the background of the upper half of the label
is yellow, a radiation level requiring consideration may exist at the

I
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outside of the package, and an indicacion of vhat controls must be
exercised for that package is related to the tr port index
discussed above. If the package bears a yellow label with three
stripes, the rail or highway vehicle in which it is carried must be
placarded. '

4

Placards

A truck or rail car carrying any package labeled with & Radioactive
Yellow-III label must be placarded on the outside.ll e placard for

" rail cars bears the distinctive trefoil symbol and, for trucks, the

word RADIOACTIVE in letters large enough to catch the eye. The
principal purposes of placards are to sdvise freight handlers of the
presence of radioactive material with TI's inside the vehicle, or to
indicste the presence of special types of shipments (e.g., a Fissile
Class III pa:kage, a special permit package, or a large source package);
and to warn passers-by and emergency crews that radiocactive material
shipments are in the vehicle. This marking or placarding is intended
to encourage persons not to remain in the vicinity of the vehicle
unnecessarily so as to reduce axposures which would otherwise reault
from bloltod.ng in the vicinity, Also, the placard will alert emergency
crews to the need for taking appropriate precautions in case such
vehicles are involved in accidents. Cars and trucks carrying carload
or truckload lots of radloactive materials, packages with significaac
:.nm‘i radi;:io:lle‘v:oll;: or containing large quantities of radiocactive
e » or Flasile 8 III shipments T
vith & "adioaceiven lesart. P are required to be pl.acudcd_

city for 1n. with Accidental Releases

The consequences of an accident iavolving radiocactive material are
mitigated by the procedures which carriers are required to follow.!2

.Theas procedures include: segregation of packages and materials from

persons; immediate notification of the shipper and DOT in case of an
.eci@enz. fire, or leaking package; and a requirement that vehicles,
cars, building areas, and equipment not be placed 1n service again
wmtil surveyed and, where aecessary, decontaminated. ’

Trained personnel equipped to monitor the area and competen
as advisers are available through an uter—covemnen::‘l’ rad:o::g:::I -
assistance program. The radiological assistance teams are dispatched
in response to calls for energency assistance. This assistance has
been made cvailable in the few transportation accidents involving
st:::::ct;vejntcrinls shipments which have occurred in receat years.

& major release occur, this type of assis
the impact of the release. i * “ll_c. wighe help reduce
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K. Shipper's Certification

Before delivering a package to a carrier for transport, the shipper

must determine that there 18 no “significant” loose radioactive

contamination on the outside of the package, that the radiation levels

on the surface of the package and at 3 feet from the package meet the

specified regulatory levels, and that the marking and labeling are in
" . compliance with the requirements. The shipper also must certifyl?

in vriting on the shipping papers that the radiocactive materials are

properly classified, described, packaged, marked, and labeled and

.are in proper conditions for transport according to the applicable

regulations of the Department of Transportation.

L. Weight and Traffic Density

State highway weight restrictions limit the gross weight of trucks
for routine shipments so that the gross weight of casks are limited
to sbout 25 tons. Shipments of casks weighing up to about 35 tons
may be allowed in most States under a special overweight permit. The
States often prescribe special routing for overweight shipments and
in some cases restrict the period during which the truck can travel.

Repetitive shipments of overweight loads may cause breakup of the
roadway. Some irradiated fuel shipping casks may require overweight
permits. . The aumber of such shipments is limited to about 60 round
trips per year per reactor. That number of overweight shipments

would not be expected to have any adverse effect on the roadways.

Rail shipments of 50 to 100 tons of other commodities, such as coali,
are routinely handled, so rail shipments of casks of comparable weights
.would offer no unusual loading for rail facilities. Barges aslso
routinely transport cargoes weighing more than 100 tons.

With respect to traffic density, the average number of truck shipments
of nuclesr fuel, solid rad-waste, and empty packagings 18 estimated to
be about 200 per year for a typical reactor and involves a total of
about 155,000 truck miles. The number of shipments and miles travelled
ars suall compared to the present traffic densities and miles travelled
by trucks for all purposes.

As sn indication of the traffic flow, an average of 43,500 motor
wvehicles per day traveled over one section of I-5 between San Diego
and Los Angeles in 1971, -‘According to the Federal Highway Administra-
tion, the average number of trucks per day on any given section of

U. S. highuay generally varies from about 100 to 10,000. The total
number of truck miles traveled in 1971 is estimated to be over )
12 billion.

-2 -

-M. Changing the Standards and Requirements

The safaty of radioactive material transport is assured mot only
through the design standards for packaging but also by qualicy-
assurance programs to assure conformance with approved designs, to
correct problems and to help assure continuing satisfactory per-
formance over the lifetime of the package. Despite use of the best
possible design practices, assurance of the capability for reliable
and predictable operations of the packaging and the transportation
equipment, employing measures to. reduce the already low probability
of accidents, and provisions to mitigate the consequences of accidents
vhich may occur, errors, malfunctions, off-norwal conditions, and
accidents will occur. Such accideants are required to be reported and

~ will be investigated. 1If =J a result of such events, data and
experience associated with the changing characteristics and increased
ousbers of shipaents of radioactive material, or changes in the useful
life of the equipment or in the transportation methods, evidence
bacomes available that accepted guidelines are being exceeded or the
public is being unduly exposed or their health and safety impaired,
action can and will be taken to correct the causes in a timely macner.
The regulatory requirements, codes, standards, specifications and
criteria applicable to the designs of packages, loading patteruns,
protective measures, and quality assurance practices for the trans-
portation of radiocactive material can be modified should the nsed for
changes becoae evident.

The probability of leakage due to human error can be reduced by
increased control over the preparation of packages for shipment. Two.
actions already are underway which are intended to increase that coantrol.
DOT racently amended its tegulatlonsl" to require that shippers carry
out certain examinations and test procedures on packages prior to
shipmeat. The Atomic Emergy Commission is considering expanding its
quality assurance requirements applicable to packages used by its
licensees-~shippars.
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OF _THE ENVIRONMENT IMPACT OF TRANSPORTING

UNIRRADIATED FUEL TO A TYPICAL LIGHT-WATER NUCLEAR REACTOR I%

ACCORDANCE WITH PRESENT REGULATORY STANDARDS AND REQUIREMENTS

A.

Characteristics

The nuclear fuel for an 1,100 Mie reactor typically consists of
100 metric tons (MT) of uranium for a preasurized water reactor or
150 M for a boiling water reactor. The uranium enrichment varies
from about 1% to 4% U-235 by weight depending on the reactor
design. The fuel is in the form of uranium dioxide which has been
sintered and compacted to form very dense, high-strength, high-
melting-point pellets approximately 1-1/4 centimeters (ca) in
diameter and 2 cm in leagth. The pellets are stacked in zircaloy
tubing which is welded shut at both ends to form a fuel rcd. The
fuel rods are subjected to rigorous quality control to ensure
their integrity prior to use in the reactor. A fuel element is
made up of SO0 to 200 fuel rods about 4 meters (m) long, weighs
from 250 to 700 kilograms (kg) and contains approximately 200 kg
of uranium for a BWR or 500 kg of uranium for a PWR.

About one-third of the fuel in a PWR or about 1/5 of the fuel in a

» l.e., about 30 MI' of fuel, 1s replaced each year. Unirradiated
fusl (also referred to as cold or fresh fuel) is shipped by truck,
usually two fuel elements per package, in long packages, 16 packages
of BWR elements or six packages of PWR elements constituting a
truckload. About six truckloads of fuel elements are shipped to a
reactor each year. . ’

Packaging

As indicated 1o the introduction, the packaging provides wuch of
the assurance of safety in transport of radioactive materials.

The design of the Packaging for shipment of unirradiated fuel, the.
contents, the transpcrt index to be asgigned each package (if
Fissile Class II), and any special procedures to be followed in
loading the fuel into the package and closlng the package must
meet standards set forth in AEC regulations. Each package

design must be reviewed and approved by the AEC prior to first

use. Labeiing of the package and other transport conditions

are specified in DOT regulations.? '

The packaging mst ensure against nuélear criticality under both -
the normal conditions of transpcrt and accident damage cest cou-

ditions and prevent loss of conexts uuder normal conditiocns of
transport. ’

C.
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The fuel elements are usually enclosed in a plastic bag and placed
in a waetal container which supports the fuel element aloang its
entire length during the course of transportation. A typical
shipping container for PWR fuel elements 1s a cradle assembly
consisting of a rigid beam or “strongback” and a clvauping assembly
vhich holds the fuel elemen®s firmly to the “strongback.” The
“strongback" is shock-mounted to a steel outer shell by shear
mounts. BWR fuel elements are shipped in steel boxes which are
positioned in an outer wooden box by cushioning material. Packaging
for PUR fuel elements is cylindrical in shape, approximately 1.2 a
in diameter and 4.9 @ long and ranges in weight when loaded from
2800 to 4000 kg. Packaging for BWR fuel elements is rectangular in
shape, approximately 1 m high, 1 o wide, and 5.2 m long. Whea
loaded, the package weighs up to 1300 kg. Examples of types of
shipping containers are shown in Figures 1, 2, and 3.

ansport Conditions

Almost all shipments of unirradiated fuel are now, and will continue
to be, made by truck. Rail shipments take too long, and many
nuclear power plants do not have rail facilities. Water shipoeats
take even longer, and there are very few convenient barge routes
betveen the fusel fabricators and the nuclear pover plants. Shipments
by air are also unlikely, in spite of the short transit time. The
packages are long (about 5 m), freight rates are high, and most
reactors are some distance from the major airport facilities having
cargo aircraft. :

It will require sbout 18 truckloads of fuel to load the reactor
initially; thereafter, about six truckload shipments of fuel
will be required annually for refueling. Each shipment will
travel a distance of about 1000 miles on the average, (a
ainimun distance of 25 miles to a maximum of 3,000 ailes).

In wost cases, a shipment of unirradiated fuel will be transported
by exclusive use, i.e., as a "full load."” The packages would be
loaded on the truck at the fuel fabrication plan® by the shipper,
transported by the carrier directly to the nuclear power plant

and unloaded by the power plant personnel, with no intermediate
off-loading, storage, or intervehicular transfers enroute. No
other shipaents would be loaded on the vehicle except by the
shipper himself. Average transit time will be about 3 days, based
on present experience. )

I
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FIGURE 1
BWR FUEL ELEMENT SHIPPING CONTAINER

INNER METAL BOX

CUSHIONU& MATERIAL

OER WOODEN Box .
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Figure 3 TRUCKLOAD OF COLD FUEL

. Some shipments will be made "less-than-truckload" (LTL); i.e.,
one or two packages shipped via general freight or express and
transported in a vehicle along with other freight, in accordance
with the DOT regulations. The packages would be moved from truck
to truck, through terwinals and "in transit” storage. The average
transit time will be about 5 days, based oo present experiencs.

Effects on the Environment

Hormal Conditions

1. Heac

In the case of unirradiated fuel, there will be no readily
detectable heat output.

2. Meight and Traffic Density

The number of shipments of unirradiated fuel will average about
6 truckloads per year. The total number of such shipments is
too small to have s measurable effect on the environment due
to the resultant increase in traffic density.

The number of packages per vehicle can be adjusted so that

the traansporting vehicle can stay within the cargo gross
veight limitations of the State (usually about 25 tons); hence,
there would be no excessive load on the roadbeds or bridges
for major 10utes. .

3. Radiation

8. External radiation exigosure levela

The radioactivity in a package of unirradiated fuel will
be about 0.5 to 2.0 curies. Based on data obrained from
AEC licensees and contractors, the radiation level at the
surface of the unirradiated fuel containers is likely to
average about 1 millirem per hour (mrem/hr). For an
individual package, the radiation level at 3 feet from the
suziace of the package would be about 0.4 arem/hr, and at
13 feet about 0.05 mrem/hr. For a cluster of six to 16
packages, the radiation levels would be about 1.5 mrem/hr
at the edge of the cluster, 0.7 area/hr at 3 feet, and
0.06 wrem/hr at 15 feet. The radiation level at the outside



“BEST AVAILABLE Copy~

During actuaj transfer of shipmeat, three handlers (noe

Becessarily the Same three handlers Previously motioned)

would Probably nog be expoged for more than 30 ainutes

:;ch. ;t an average digtance of 3 feet, each Teceiving
Ut 0.25 mrem. That woulq be a tota] anoual

of about 0.005 man-rem. ’ ’ Xposire

(3) CGenera) Pubuc~0nlookers. Heﬁ:ot;s of the genera)
public are tormally excluded frog loading and unloading
Operations, byt @Xposures might occur at enroute Cruck

Stops for fue] and eating. Trucks are Placarded on both
sides and the front ang Tear as "hdloacth'e.“ Meabers

1) Truck Drivers. Two ¢ruck drivers during g 1000 mile
trip would probably spend no more than 20 hours tn the

2 3

distance of 3 feet from the Cargo compartment . Under those
— -conditions, each driver could receive about 0.3 orem/shipment
or about 1.8 aren/yr for gix shipments. The cunulative
anaual dose to all drivers would be about 0.004 man-rem.%

(2) Freight Handlers, For shipments which are trans-
‘ported as 'full~Toads, " €Xposure to the carrfers’ freighte
bandlers would be zero, since the packages are loaded by

fuel fabr.lcatlon Personnel and unloaded by personnel
at the reactor and are not handled earoute.

the average, were 80 expoged, the tota)] anhual dose to
Such onlockers Vould be aboyt 0.0003 Ran-rem,

) Genera} Pububuong the shlgging Route

+ The
radiation level 3¢ 6 feet froa 4 vehicle 1
packaga oL i cle loaded wich

For 1es's~than-full-load shipments, the packiges may spend

9

an average of about 12 hours on loading docks and 24 hours
in storage. While iq Storage, the c.qposure ro handlers 14 0.1 arem/hr cq::‘::::‘:hf"‘l ¥ill 1kely pe po Bore than
N ®ssentially zero, : da . ¢ vehicle travels 200 miles per
. R Y and the meap Populatiog densicy along the royte is 330
Handling on the docks requires mechanical equipment becayse :::‘:n:r;;: :::.;:a:u:l; For ; EXip of 1000 miles cne way
o of the weight of the Packages. Based on actual handling approxinatel, 304 00(; : Cumulative anpya) dose to
experience, for aboyt 11 of the 12 hours, the packages between 100 feer a'nd 17; ::r’ 1o an are, along that Toute
o would be 1n relatively fsolated "route grouping" areas, would be. about 0.001 mun- © O either side of the vehicle
. with an average of ‘from one to three handlers being exposed calculatgoq. rem. See Appendix p for detaileq
@ total of from 10 minutes to 1 hour each, from an average )
Q‘» distancc of 3 to 15 feet, The exposures would then range (5) Anfmals. The ure-of domestic antmals of pite

from 0.01 wren to 3 mrem per handler. The average expo-
sure woyld Probably be jin the range of 0.2 mrem per
handler-for chree handlers, or about 0.004 man-rem per
year for six shipments,

:6) Fla. Uaexposeq Photographyc filn can be affected
1, tadiation ang is the mosp ndht(on—senltl\n Baterfal
1kely to be transporteq together wich Tadioactive

*Man-rem {5 an expression for the summation of whole-budy doses to
individuals 1n a8 group. In gome cases, the dose @ay be fairly
uniform and received by only a few Persons (e.g., drivers and brakemen);
in other cases, the Jlose may vary and bpe received by a large number
of people (e.g., persons along che shipping route),

: ) tions require fila ¢o be Separated by a¢ )¢
shipoencs of Tadioactive Raterial, Ishly:::: :: :;;: froe
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within 15 feet of a shipment of cold fuel for 12 hours
would receive an exposure of about 0.6 mrem. This would
not produce any measurable effect on the film.

Accident Conditions

1. Ian-Blant Accidents

The “in-plant” radiological aspects of transportation of radio-
active material are evaluated separately as part of the licensing
procedures or contractual requirerents and are not evaluated
against the packaging standards and criteria for transportation.
For that reason, the "in-plant" aspects have not been included

in this analysis.

2. Offsite Accidents

A truckload of unirradiated fuel from a typical reactor may be
involved in an accident about once in 110 reactor years (see
Appendix A). The packages are so designed that in the unlikely
event a shipment of unirradiated fuel is involved in an accident,
it is unlikely the fuel will be released. :

The fuel rod is constructed to withstand internal and external
pressures, from 1000 to 2000 pounds per square inch gauge, anti-
cipated in operation of the reactor. Its construction is such
that release of the pellets of uranium oxide or the oxide itself
is unlikely. Fuel rods of this type have been tested by being
dropped 30 feet onto concrete on end, on the side, and at an
angle of 45°, without rupture of the cladding or loss of con-
tents.!3

The pelletized form of the uranium and its encapsulation make
releases of radioactivity in an accident extremely unlikely.
Because of the low specific activity of the fuel, the radiation
level associated with the fuel ftself is quite low. Therefore,
except for an accldent resulting in nuclear criticality, the
radiological impact on the environment from accidents involving
unirradiated fuel is negligible.

! ~

~

The packaging is designed to prevent urif}g@lity under normal and
severe accident conditions. An accident which could lead to
accidental criticality would require release of“weveral fuel
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elements as a result of severe damage or destruction of more than
one package, which 1s unlikely to happen other than in an extremely
severe accident. After release from the packages some of the fuel
elements must be asgembled in a close array and moderated, for
example, by being submerged in water; accidental criticality in air
is not possible. Considering the requirements for package design
and controls exercised over packages during transport, the pro~
bability of such an accident is so small that, in practice, it is
considered to be incredible. '

Bagsed on the above, the lmpact on the environment from radiatiom
in transportation accidents involving unirradiated fuel is con-
sidered to be negligible. .
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DETAILED ANALYSYS OF THE ENVIRONHENTAL IMPACT OF TRANSPORTING

IRRADIATED FUEL FROM A TYPICAL LIGHT-WATER NUCLEAR REACTOR IN

ACCORDANCE WITH PRESENT REGULATORY STANDARDS AND REQUIREMENTS

A. Characteristics

Each year, on the average, from one-fifth to one-third of the fuel
.in a reactor is replaced with fresh fuel. A fuel element removed
from the reactor will be essentially unchanged in appearance and
will contain some of the original useful uraniusm—235, which ia re-
coverable. On the average, the fuel will have been irradiated to
33,000 megawatt-days per metric ton (MWD/MI). As a result of the
irradiation and fissioning of the uranium, the fuel element will
contain some plutonium and large amounts of fission products.

As the radiocactive atoms decay, they produce radiation and decay
heat. The amount of radioactivity remaining in the fuel varies
according to the length of time after discharge from the reactor.
After discharge from the reactor, the fuel elements are placed
under water in a storage pool for radioactive decay and cooling
prior to being loaded into a cask for transport.

The amount of rad!oactivity in the spent fuel decreases quite
_rapidly during the first few days after discharge. After 150
days cooling, however, each irradiated PWR fuel element scill
contains approximately 2,000, 000 curies of radioactivity, of
which 5,000 cur-ies is in gaseous form (see Tables 4 and 3).
The radioactivity in a BWR element is about half those values.

B. Packaglng

Packaging for the shipment of irradiated fuel, called casks, must
meet the DOT and AEC regulatory requirements for fissile material
packages and for large quantity packages; that is, casks must en-
sure against nuclear criticality and loss of contents under normal
conditions of transport and under accident damage test conditions,
provide shieldlng to reduce the radiation emitted from the cask to’
specified levels, and dissipate the heat generated in the fuel and
cask by radicactive decay. At present, there 1s only one approved
design for a cask which has sufficient length, cavity diameter,
shielding, and heat dissipating capacity to be used for transporting
the forthcoming generation of irradiated fuel asscmblies from
nuclear power rzactors. Other proposed designs of casks for such
fuels which the applicants consider meet the regulsttons are
'currently being reviewed by the AEC.

/

Pission Products

Actinides (Pu, Ca, Am, etc.) 1.62:.10s 1.36x10

Total

Krypton~-85
Xenon-131m

Iodine-131
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TABLE &
Radioactivity of Irradiated Fuellé
(curies per metric ton of uranium)
Cooling Period (in days)
0 150 365 3650
6.19x20°  4.3910° 2.2210% 3.17:m0°
> 1.20:0’

6.33x20°  4.53x10° 2.34x10°

TABLE 3

Predominant Fission Products in Gaseous Form!®
Qg!nded in Radioactivity of Irradiated Fuel
(curies per metric ton of Uranium)

Cooling Perfod (in days)

% 1m0 s M0
1.3210° 112010 1.08xi0 6.05x10°
1010 3.27 1.08x107>
.80 217 1.98x10°8
TABLE §

Therma)l Energy in Irradiated Fuell$
{watts per metric ton of uranium)

Cooling Period (in days)
20 150 365 3630
2. 11:19‘ 2. omo‘ 1 .06:10‘ 1 .06:103
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A truck cask will carry from one to three PWR elements or from
two to seven BWR elements. Such a cask will be cylindrical in
shape, approximately 1.5 m in diameter and 5 m long, and will
will weigh up to 35 MT. A rail cask will carry up to 7 PWR
alements or 18 BWR elements. The rail casks, slso cylindrical
in shape, will be only a lictle larger than truck casks but may
weigh 70 to 100 MT (see Figures 4, 5, and 6). Neutron absorbers
in multiple element casks may be necessary to assure nuclear
criticality safety. '

Radiazion ghielding is provided in the cask walls. Thick ateel,
lead, or uranium, which accounts for most of the cask weight, is
used to attenuate gamma radiation from the fission products.
Hydrogeneous material such as wood or water 1s used to absorb
the neutron radiation from the spontaneous fission and alpha-
nsutron reactions with oxygen in the fuel due to Cm-242 and
Ca-244 present in significant quantities in fuel which has been
irradiated to more than about 20,000 MWD/MT.

The cask also must provide the means to dissipate the heat pro-
duced by radioactive decay. Water is usually used ian the central
cavity as a heat transfer medium or primary coolant to transfer
the decay heat from the fuel elements to thc body of the cask.
The heat is usually dissipated to the alr through fins on the
surface of the cask container by natural processes, For some
of the larger casks, air 1s forced over the fins by blowers to
increase the cooling. In one design, neat exchangers using a
secondary coolant with cooling coils running into the body of
the cask literally pump the heat out and fnto the atmosphere;
the primary coolant is not brought outside of the cask cavity.
Reliable redundant systems are used where mechanical systems
are relied on to assure cooling for safety.

Spent fuel shipping casks are designed to withstand severe trans-
portation accidents without significant loss of contents or
increase in external radiation levels. The casks are protected
from the damaging effects of impact, puncture, and fire by thick
outer plates, protective crash frames, or other protective over-
packs, or are otherwise designed to control damage. The cavity
1s usually protected from excessive pressure by a rupture disk
or a pressure relief valve.

Transport Conditions

At present, all shipments of irradiated fuel are made exclusive
use, ‘by truck or rail. Some barge shipments may be ride in the
future. It 1s unlikely that suca shipments will be shipped in
general freight as less~than-truckload or less-than-carload lots.

ORML OWG 68-12260

FIGURE 4 Cutavay Diacram of a Shi
Lhe Principal Components.

pping Cask Showing



5.3 metars

Diameter 1.6 meter

Length

Approximate:

L7 10 6?;006_

“BEST AVAILABLE Cgpy”

CORRUGATED STAINLESS
STEEL OUTER JACKET
FIXED COOUNG DUCT

URANIUM SHIELDING MATERIAL
Figurs 5 IRRADIATED FUEL CASK

VALVE 80X
NEOUNDANT ENGING/BLOWER
COOLING SYSTEM

REMOVABLE FUEL BASKET

- Figure 6 IRRADIATED FUEL CASK ON RAIL CAR

NEUTRON SHIELDING -

190 TON CAPACITY FLAT CAR

STAWLESS STEEL
SHELLS

MPACY PiNS
WAPACT #INS

55 tons
67 toas

Weight
empty
loaded
VALVE BOX
CLOSUAE HEAD
and shipping assembly:
empty 70 tons
losded 82 tons

Approximate weight of cask
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The estimated average distance from the nuclear power plant site

to the fuel reprocessing plant sver which the irradiated fuel would
be transported is 1000 miles. This Journey would require an
average transit time of about 3 days by truck and about 8 days by
rail. Barge shipments might require 10 or 15 days, depending on
the route.

Shipments by motor freight of spent fuel may be made from all
reactor sites to all reprocessing sites. Many nuclear power
plants do not have raf] service directly oato the plant site.

Only a few of the nuclear power facilities are located on navigable
wvaterways. Also, only one fuel reprocessing»plant'currently
operating or planned will have the capacity of recelving ship-
ments by water.

If targe transport of casks 1s to be used, construction of docking
facilities sight be required, at a cost of from $25,000 co
$1,000,000.17  Because of the probable high cosc, docking facili-
ties are unlikely to be built only for the purpose of shipping
irradiated fuel elements. If docks are required for other purposes,
they may be used for the transportation of 1rradiatedvfug1.

There are no plans at Present to.ship irradiated fuel elements

by air. The possibility of air shipment is undex study in the
airlines iodustry to determine if the economics and safety aspects
are acceptable. In all cases, air shipments will require truck
®ovement from the nuclear Pawer plant site to the airport and

. from the alrport to the fuel reprocessing plant site.

Effects on the Environment
- . 3 B

Nommal Conditions
P ——
1. Heat

The rate of releasc of heat to the air from each cask will be
about 10 to 70 kilowatts or from -about 35,000 to 250,000 Btu/hr,
depending on the type and amount of {rradiated fuel contained.
This might be compared to the rate at which waste neat ig re-
leased from a 100 horsepower truck engine operating at fyll power,
which 1s about 50 kilowatts or 130,000 Btu/hr. The temnerature of
the air vhich contacts the loaded :ask will be increased a few
degrees buz the temperature of tiw: air & few feet from the cask
would remain unaffected. The longest period of time that one

- —
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vould expect the loaded cask to be present at a particular
location, other than at the nuclear power plant site or the

&mount of heat 1s small and {3 being releasad over the entire

transportation route, no appreciable effect on the environmeat
vill resulc. :

The DOT regulationg? linit the temperature at any accessible
surface of the cask to not wore than 180°F at any time during
traasport, including stopover points, Although this temperature
is not high enough to present a fire hazard, it could cause
burns 1f contacted by bare gkin, Since access to the cask {s
controlled to a large extent and each package ts labeled with

a "Radicactive" varning label, the 1likelihaod of people becoming
burued {n this manoer i{s quite low. There have been no known
cases of such bures frog those shipments which have been made
wvith surface temperatures near the 180°F limit,

2. Weight and Traffic Density

Shipping the irradiated fuel from 4 single refueling of the
rsactor to the fuel recovery plant will Tequire an average of
60 truck shipments, 10 rai}] car shipments, or § barge shipments.
The casks are returned empty to the reactor, The weight of che

- Spent fuel in a loaded cask constitutes only 2 or 3% of the total

veight of the loaded cask. Because the cask being returned empty
weighs almost as much as the cask loaded with irradiated fuel,
the weight and nunber of shipments of eEpty casks must be
considered in assessing the impact on the environment of the
shipaent of irradiated fuel. Therefore, consideriag return
shipments of the cask, shipping the irradtated fuel wil} involve
4 total of 120 tryck movements, 20 rail car movements, or 10
barge movements each year.

The total number of such shipments is too gmall to have any
®easurable effect on the environment due to the resultant
increase in traffic dengity.

State bighway veight restrictions limig the gross weight of
trucks for routiue shipments go that the 8ross weight of casks

is limited tu about 25 tons. Shipments of casks weighing up to
about 15 tons may be allowed in most States under a special over-
weight permit. The States often prescribe speclal routing for

' owverveight shipments and in some cases restrict the period quring

which the truck can travel. Repetitive shipments of overweight




29

[

0

9 00

- 40 - Ol 4

loads may cause breakup of the roadway. Some irradiated
fuel shipping casks may require overweight permits. The number of
such shipments is limited to about 60 round trips per year per

.reactor. That number of overweight shipments would not be expected

to have any adverse effect on the roadways. Rail shipments of S50
to 100 tons of other commodities, such as coal, are routinely
handled so the rail shipment of a 70-ton cask would offer no
unusual loadings of rail facilities. Barges routinely transport
cargoes weighing more than 100 tons.

23,

Radiation

a. Regulatory Limitations

The radiation level at the surface of packages of radioactive
material 1s limited by the DOT regulations® to no more than
200 mrem/hr, and at 3 feet from the surface to no more than

10 mrem/hr. If the shipment is made in a closed truck or rail
car, the radiation level at 3 feet from the surface of the
cask may be as high as 1,000 mrem/hr, provided that the
radiacion level does not exceed 200 mrem/hr at the surface of
the vehicle, 10 mrem/hr at 6 feet from the surface of the
vehicle, and 2 mrem/hr in either the driver's compartment or
in 2 normally occupied pnsition in a rail car.

Because of the large size of the packages used for shipping
irradiated fuel, the limiting factor will be the radiation
level at either 3 feet from the surface of the package, or

six feet from the vehicle. Therefore, the radiation levels

at the package surface will be considerably below those allowed
by the regulation.

Based on actual experience, vadiation levels around some ir—
radiated fuel casks may exceed 200 mrem/hr at the surface of
the cask, but will meet the limitations of 1,000 mrem/hr for
closed vehicle shipments. In order to meet the limitation
of 10 mrem/hr at 6 feet From the vehicle surface, the level
will rarely exceed about 50 or 60 mrem/hr at the vehicle
surface, or 25 mrem/hr at 3 feet from the truck or rail car.

Although a radiation level of 2 mrem/hr 13 permitted in a
truck cab, the level based on actual experience is unlikely
to exceed 0.2 mrem/hir, cwing to the distance from the cask
and shielding provided by intervening material.

b. Radiation Exposures

(1) Truck Drivers. Two truck drivers during a 1000 mile
.trip will probably spend no more than 20 hours in the cab
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and about 1 hour outside the truck at an average distacce of
3 feet from the cargo compartment. Under those conditions,
each truck driver could receive about 30 mrem from an
irradiated fuel shipment. Actual experience indicates that
average exposures are much less than 30 mrem/trip; in most
cases, less than 10 mrem/trip. The same driver is unlikely
to be used for more than 30 shipments per year, in which case
he would receive about 300 mrem in a year based on 10 mrem/
trip. Based on 10 wrem/trip/driver, the cumulative annual
dose to all drivers for 60 trips with 2 drivers on each treip
would be 1.2 aan-rem.

(2) Garagemen and Brakemen. For truck shipments, normal
servicing of the truck will probably require two garagemen
to spend about 10 minutes around tne cab of the truck.

Each could be exposed to about. 0.02 millirem. The cumula-
tive annual dose to all garagemen for 60 shipments would be
about 0.002 man-rea.

For rail shipments, train brakemen would be expected to
spend froa 1 mipute to 10 minutes each in the vicinity of
the car during the trip, for an average exposure of about
0.5 mrem per shipmeat. With 10 different brakemen involved
along the route, the cumulative dose for 10 shipments during
the year is estimated to average about 0.05 man-rem.

(3) Freight Handlers. .rradiated fuel shipments are
transported as full loads. Since the casks are not handled
enroute, under normal conditions there would be no routine
expoasure of the carrier's freight handlers, either by truck
or rail.

In-transit storage of these casks is unlikely except
while mounted on the vehicle (truck or rail) at truck
stopover points, in terminal yards, or in railroad switch-
yards. There will be little, 1f any, across-the-dock
handling of these casks outside of the auclear power

plant and the fuel recovery plant sites.

There {s litcle likelihood that carrier persoanel or
members of the general public will get close to the side

of the vehicle except in the case of transshipmeat, e.g.,
vhen the cask 1s transported by truck from the reactor to
a nearby railhead and transferred from the truck to a rail-
road car.

All such handling must be done with cranes and heavy
lifeing equipment so that the exposure of persons occurs
only during untying and tying down and hooking and unhooking
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lifting hooks. This might require 1/2 hour exposure at an
average distance of 3 feet from the cask or about 100 mrem
exposure for each of two persons handling the cask. If
there were ten shipments to the railhead handled ia this
fashion, the cumulative annual dose would be about 2 man-rem.
The crane operator and other workers in the area would be
unlikely to receive any significant exposure.

In hauling the shipment to the railhead by truck, a
distance of perhaps 20 miles, two truck drivers might
spend an hour in the cab and perhaps 15 minutes outside
the truck at an average distance of 3 feet from the cask.
Assuning the radiation level in the cab is 2 mrem/hr and
the level at 3 feet from the cask is 100 mrem/hr, each
truck driver might receive as much as 30 mrem during each
shipment. If che same two truck drivers were used for
all ten shipments, each could receive as much as 300
arem. The cumulative annual dose to all drivers would be
about 0.6 man-rem.

(4) Barge Operators. A barge operafor or tugboat operator
who picks up the loaded barge at the nuclear power plant
site will probably spend no more than an hour lashing the
barge down, and checking lights and equipment at a distance
of 50 feet from the cask, and perhaps a total of 10 minutes
within 3 feet of th: cask during the entire trip. His

total dose would be about 4 ‘mrem per trip. If two operators
were involved, this would be a cumulative annual dose of
about 0.04 man-rem for the five barge shipments.

(5) General Public--Onlookers. Members of the general
public are normally excluded from loading and unloading
operations, but some exposures might occur at enroute
truck stops for fuel and eating and at railroad stations.
Railroad cars carrying irradiated fuel shipments are pla-
carded on both sides and trucks on both sides and the front
and rear as "Radioactive.” A membar of the general public
who spends 3 minutes at an average distance of 3 feet from
the truck or railcar, might receive a dose of as much as
1.3 wrem. If ten persons, on the averaga, were so exposed
during each shipment, the cumulative annual dose to such
onlookers for the 60 shipments by the truck would be about
0.8 man-rea and for the 10 shipments by rail, about 0.1
man-rem. Ve

e et

1.

Because of the conditions under which barges travel,
onlookers are unlikely to be in a location where they
would receive any significant exposure from barge
shipments of irradiated fuel.

(6) Ceneral Public--along the route. Approximately
300,000 persons who reside along the 1000 mile route over
which the irradiated fuel is transported might receive a
cumulative dose of about 1 man-rem per year if the
irradiated fuel is transported by truck and about 0.2
man-rem if transported by rail. An estimated 100,000
persons along the route might receive about 0.03 man-rem
if transported by barge. In this case, the regulatory
radiation level limit of 10 or/hr at 6 feet from the
vehicle was used to calculate the integrated dose to
perscas in an area between 100 feet and 1/2 mile on both
sides of the shipping route. 1t was assumed the shipment
would travel 200 miles per day and the population density
vould averzge 330 persons per square mile along the route,
except thac for barge, it is estimated that persons are
vithin 1/2 mile of the barge route over only aboutr 1/3
of that route. See Appendix D for the detailed calcula-
tious. ’

(7) Anicals. The exposure of domestic animals or pets
during transit is unlikely since the irradiated fuel is
. transported exclusive use.

(8) Fila. Unexposed photographic film is not likely to
receive any exposure during transit of irradiaced fuel
since, in most cases, there is no other freight loaded
on the car or truck because of the weight and nature of
the cask. ’

It is possible that a car or truck containing unexposed
film could be parked adjacent to a truck or car containing
irradiated fuel for several hours. The likelihood of this
occurzence is so low that it 1s not practical to calculate
ie.

Accident Conditions

In-Planc Accidents

The "in-plant” radiological aspects of transportation of
radioactive material are evaluated separately as part of the
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quireméhté'anq arein,
not evaluated against the Packaging standards and criteria
for transportation, For that reason, the "in-planc" aspects
have not been included in thig analysis.

Off—Site Accidents
~——=2te Accidents

than accident conditions, 1g very small because of the rugged,
leakeighe design of the cask and the procedurcy the shipper
18 required to follow to ensure leaktightness when Preparing
the cask for shipment.

cask is required to be held at -the origin unei] certain checks
have been made lncluding Pressure, temperature, and checks for
leakage. Any major leak would be discovered at the origin and
corrected. If too wuch coolant were lost, ft could cauge over-

heating.

Acéordlng to information supplied by the N-14 Committee of
The American National Standards Institute, leakage of liquid

-at a rate 'of 0.001 cc/sec or about 80 drops an hour is about -

the smallesc that can be detected by visual observation of a
large container. It {g expected that leakage at g rate exceed-
ing 0.001 cc/sec would moisten a large enough area to be vigible
or would drip and probably would be detected and corrected at
the reactor site. A leakage rate of .001 cc/sec on a large
heated cask is expected to be evaporated asg rapidly as {t leaksg
out. Some fraction (perhaps 12) of the radioactlvity in the
releaged liquid aight be dispersed in the form of an aerosol.
The exposure to people from such Teleases would be extrenely

The AEC Fegulations 1imic!@ the contamination level {n the
coolant under normal conditfions to 10-7 curies/cc of Group [
(plutcatum), 5 x 10-6 curies/cc for Group 11 (strontiun and
mixed fission Products), and 3 x 10-% curies/cc for Groups IIX
and IV radionuclides (cesfum ang uranium). Based on 0.25%

of the rods being perforated, we estimate about 1 yCi/fec of
8ross fission product activity might be in the cask coolant.
Experience reported by Savannah River Processing plaatl9d
indicates that the activity in vater-filled casks ranges from
1075 to 1 uCt/cc and that the activity 45 primarily cesium~137,

Ins days, an undetected leak of 0.001 cc/sec would release
430 cc ox about 400 uci of activity. Under ®O3t conditions,
that contamination would pe Tetained on the surface of the

cask and bed of the truck or railroad car.

b. Accident Conditiona.
. ——————-=gndltionsg

If transported by truck, it ig estimated chat o loaded cask
would be fawolved in an accident about once fn 20 reactor

Each cask i3 g0 designed and constructed that the probabiliry
is low of 5 cask belng breached in the unlikely event ic is
iovolved in an accideat. The form of the nuclear fuel is
such chat, shoyld a breach occur, releases of radioactivity

The total amounts of the {wportant gases, actinides, and gross
flssion products 1p lov-earichment fuel vhich has been cooled
150 days afcer irradiation at g Power level of 30 mu/Ng for

& total of 33,000 MID/MT are listed in Tables 4 and S. The
important activicies in the void apaces of the fuel rods are
shown in Table 7.
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TABLE 7

13

EST 4.
/ {4&64/LAQ£;L£;(367
Py

FUEL ROD VOID SPACE ACTIVITY

Type of Total Inventoryl®
Radioactive 150 days cooling

Material . curies/metric ton

Kr-85 1.12 x 10*
1-131 2.17
Othar fission ) 6
products 4.38 x 10
Actinides, . 5
(Pu, Am, Cm) 1.36 x 10
Xe-131m 3.27

: 320
1-129 . 2 x 10

2

-3’ 6.92 x 10

X in void spaces

of fuel rods#

30
2
0,014
essentially none
2

30
1

el

Activity in
void spaces

curies/metric ton

3.4 x 10°

4.3 x 1072

400

neg.Ark

0.1%n%

4

6 x 10 Thuw

Taia

* keaiistic 8ap activities in terms of percent of total inventory prepared
by AEC's Directorate of Licensing based on references 20 through 32.

*% A conservative (high) value estimated on the basis of leaching the outer

1.2 x 1073 fnches from the surface of the uranium oxide fuel.

**% Due to the small amounts present, the dose contribution from Xe, I-129,
H-3, and the actinides may be neglected compared to the doses from the

other radionuc_lides .
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The amount of radioactivity released relates to the number of,
fuel rods which are perforated. Penetration of the cladding
would release some of the gases and gross fission products from
the void spaces into the cask cavity and coolant. In the absence
of a severe impact, it is believed conservative to assume that
0.25% of the fuel rods may be perforated, Even 1f all of the
rods were mptured& the radioactivity released would be unlikely
to exceed 1.1 x 10° C1 of Kr-85, 0.1 C1 of I-131 and 1.3 x 102
Ci of other volatile and soluble fission products. Because of
the cask design and quality control, the nature, form and
physical properties of the fuel asgemblies, the probability

of such a release is so small as to be practically incredible.

13 2

0

¢c. Extended Fire.

Involvement of a cask in a fire lasting as long as 4 or more .
hours could cause loss of some neutron shielding and, 1f lead
1s used, loss of some gamma shielding. Releases of radioactive
materials could be as much as those estimated above. The
probability of an accident occurring in which such a long

fire results is very small and the probability of a cask being
involved 1in such an accident is so small as to be practically
incredible. ’

2 9

d. Submersion in water.

1f & cask 1s accidentally dropped into water during transport,
it 1s unlikely to be adversely affected unless the water is
deep. Most fuel 18 loaded into casks underwater, so immersfon
would have no immediate effects. The water would remove the
heat so overheating would not occur. Each cask is required by
§ 71.32(b) to be designed to withstand an external pressure
equal to the water pressure at a depth of 15 meters, and most
designs will withstand external pressure much greater than
that. If a cask were to collapse due to excessive pressure

in deep water, only the small amount of radioactivity ia the
cask coolant and gases from perforated elements in the cask
cavity are likely to be released. The direct radiation would
be shielded by the water. About 10 meters of water, which is
the depth of most storage pools, would be ample shieldliag for
radiation from exposed fuel elements.

9 00

From our evaluation, the sinking of a cask in deep water would
pot result in serious radiological consequences. The most

' likely mechanism for loss of containment from external water

.
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pressure would be through fatlure of the pressure relief
valves. This would result in an inflow of water and sub-
sequent release of some of the contaminated coolant and
radioactive gases present in the cask cavity. If all of
the coolant and gases were released, the total activity
might be on the order of 300 curies, most of which would
be krypton-85 gas. The vast quantities of water available
at the depth at which such a failure might occur would pro-
vide sufficient ‘dilution so that it is unlikely there would
be any significant radiation exposure or environmental

impact.

The fuel elements, which contain most of the radioactive
material, provide excellent contaimment. In an operating
reactor, the fuel elements are under water at elevated tem-
peratures and pressures on the order of 1000 to 2000 pounds
per square inch guage. Thus exposure to water pressures at
depths of 600 to 1200 meters should have no substantial effect
on the fuel elements themselves.

Except under very unusual circumstances in which the cask
could not be located or was submerged in extreme depths,
the cask probably could be recovered with normal salvage
equipment. 1If the cask and elements were not recovered,
there would be a gradual release of radioactive material
over a long period of time, several hundred years. <Lon-
sidering the extremely low probability of occurrence, the
wajor reduction in radioactivity due to radiocactive decay,
and the dilution that would be available, there would be
no significant environmental impact from this gradual
diffusion of the radioactive fuel.

Accident Risk

Considering the low probability of a shipment of irradiated
fuel being involved in an accident, the requirements for
package design and quality assurance, the nature and form

of the irradiated fuel, and the controls exercised over the
shipment during transport, it is concluded that the radiatiom
risk to the eavironment from irradiated fuel in transportation
accidents is small.

vI.
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DETAILED ANALYSIS OF THE ENVIRONMENTAL {MPACT OF TRANSPORTING SOLID

AC

A.

‘corrosion, activation, and fission

RADIOACTIVE WASTE FROM A TYPICAL LIGHT-WATER NUCLEAR REACTOR IN
CORDANCE WITH PRESENT REGULATORY STANDARDS AND REQUIREMENTS

Characteristics

Solid waste, primarily sludges and resing, is estimated to amount
to about 3,800 cubic feet per year from a BWR (see Table 8). Of
this amount, 120 cubic feet of cleanup sludge per year will
contain 13 curies per cubic foot and require Type B packaging.
The remaining 3,680 cubic feet will contain about 0.09 curies

per cubic foot and can be shipped as low specific activicy
materials, or in Type A packaging. Solid waste from a PWR is
similar in form but the total is about 1,000 cubic feet per

year, about 24X of which will be resins containing 0.6 curies per
cubic foot, 75X sludges contaloing 0.01 curies per cubic foot, and
1X resins and eludges containiang up to 15 curies per cubic foot.

TABLE 8
SOLID WASTE FROM 1100 Mie BWR

Radio-33  No. of#

Volume33 activicy Drums @ 7.2 : .
Lee3/yr) Lcy/eed)  fedjinm ¢i/dnm
Cleanup Sludge 120 13 67 23.3
Condensate sludge 2100 A 0.14 1166 0.25
Haste sludge 920 0.01 51 ) <02
Waste bead resin 60 0.01 34 02
Cond. bead resin . 600 3 0.06 334 0.01
Totals 3800 fr/yr : 2112

* Assuning the waste 1s mixed with concrete in the ratio of
1.8 £t of waste and 5.4 f£e3 of concrete per 7.2 ft3
. (35~gallon) drum. - -

In addition, soft solid wastes such as contaminated clothing, rags,
paper, gloves, and shoe coverings containing low levels of .
contaaination will be generated. This low level waste, probably
compacted co reduce the volume, may be shipped in 55-gallon drums.
Each year, on the average, one might expect 30 to 50 drums (one
truckload or a part of one carload), each drum containing 500
pounds of compacted material contamjnated with 0.5 curies of

roducts, to be shipped for
disposal.
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Packaging

Under the regulations of the DOT, solid wastes may be shipped in
strong industrial, Type A, or Type B packages depending on the
amount of radioactivity. Typically, the waste is compacted, or
solidified in a mixture of vermiculite and cement in steel drums.
The drums when filled weigh from 500 to 800 pounds with an
average weight of 700 pounds. The drums are normally made of
18-gauge steel with 16-gauge "clamp-on" 1ids. Wasces which are
low speciftic activity materials, o. Type A quantities in drums,
may be shipped without further packaging. Type B quantities must
be shipped in Type B packages; these might be drums im an "overpack"
(i.e., a protective outer container) which provides impact and
thermal protection for the drum or shielded flasks designed to
oeet Type B requirements. .

Trangport Condit 1on§

About 2,100 drums weighing an average of 700 pounds each would be.
required to ship the solid waste to the burial grounds. The waste
is shipped either by truck with 40 to 50 drums per truckload, or
by rail with 200 to 250 drums per car. This will iavolve 46
truckloads or 11 carloads per year. Barge and air shipments are
unlikely.

All shipments will likely be made under exclusive use--full load--
arrangements. Such shipments will be transported an average dis-
tance of 500 miles (a minimum distance of 50 miles to a maximum
of 3,000 miles). The average transit time will be about 3 days
by truck and 7 days by rail.

Effects or the Environment

Normal Conditions

1. Heat. Most of the packagesg of waste would have no readily
detectable heat output. Those containing the cleanup gludges
might generate about 0.1 watt or 0.4 Btu/hr of heat per
package which 1s negligible as far as effect on the environment
i3 concerned. ' .

2. Meight and Traffic Density. The number of shipments per year,
about 46 by truck or 11 b rail, 13 toc small to have anv
measurable effect on the en.roament due to the resultant
increase in tratfic density.

The number of drums of waste per vehicle can be adjusted so
that the truck can stay within the weight restrictions of the
State (usually about 25 tons) or the rail car can meet the
railroad limitations on gross car weight. There should be
no need for overweight permits, and therefore no excessive
loads on the roadbeds or bridges for major routes.

Radiation

a. Regulatory Limitations. Drums of wastes must meet the

regulatory limitations on external radiatfon levels
described in the previous section on Regulatory Standards.
In practice, most of the drums will contain such small
quantities of radioactivity that the radiation levels

at the surface of the drums will be less than 200 ar/hr.33
Radiation levels at the edge of the load, which is the
surface of the truck or rail car, are unlikely to exceed
30 to 60 mrem/hr; at 3 feet from the surface of the
vehicle, 25 wrea/hr; and at 6 feet from the surface of
the vehicle, 10 wrem/hr. The radiation level in the truck
cab 18 not likely to exceed 0.2 mrem/hr.

b. Radiation Exposures

(1) Truck Drivers. Two truck drivers during a 500 mile
- trip would probably spend no more than 20 hours in the cab
and about 1 hour outside the truck at an average distance
of 3 feet from the cargo. Under those conditions, each
truck driver could receive about 30 mrem from a solid waste
shipment. Actual experience indicates that average
expogures are much less than 30 wrem; in most cases, less
than 10 mrem/trip. The same driver is unlikely to be used
for wore than 30 trips each year, in which case he would
receive about 300 mrem in a year based on 10 mrem/trip.
The cumulative annual dose to all drivers might be about 1
man-rem. ) : .

Discussions with companies who ship or carry packages
almost daily revealed3" that the exposures of drivers
and handlers who were routinely mounitored were very low,
mary ‘shovlr,g no exposure above background, even when such
personsg are assigned the regular job of transporting
radiocactive materials. '
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(2). Freight Handlers. Shipments of wastes are transported
as "full-loads." Since the drums are not handled enroute,
there would be no exposure of the carrier's freight
handlers, either by truck or rail. . :

(3) gGaragemen. For truck shipments, normal servicing of
the truck would probably require two garagemen to spend no
wore than 10 minutes around the cab of the truck. Each
would be exposed to about 0.02 millirem. The cumulative
annual dose to garagemen for 46 shipments would be about
0.002 man-rem.

.(4) Brakemen. Por rail shipments, train brakemen would

probably spend from 1 minute to 10 minutes each in the vicinity
of the carload of drums of waste during the trip, for an
average exposure of about 0.5 mrem per shipment. If 10
different brakemen were involved along the. route, the cumu-
lative annual dose would be about 0.05 man-rem for the 11
shipments.

(5) General Public -- Onlookers. Members of the general
public might be exposed to radiation from shipments of -

~ waste at enroute truck stops for fuel or eating or at

railroad stations. Car loads of solid waste shipments will
ba placarded on both sides and truckloads on both sides and
the front and resr as "Radioactive." A member of the general
public who spends 3 minutes at an average distance of 3

feet from a loaded truck or car might receive a dose of as
such as 1.3 oren. If 10 people were so exposed during a
shipmeat the cumulative amnual dose to such onlookers for

the 46 shipments by truck would be about 0.6 man-rem, and

for the 11 shipments by rail, about 0.1 man-rem.

(6) General Public -- Along the Shipping Route. An estimated
150,000 persons who reside along the 500 mile route over
which the solid waste is transported might receive a
cumulative dose of about 0.4 man-rem per year if the waste
were transported by truck and about 0.1 man-rem if trans-
ported by rail. These doses were calculated for persons
1n an area between 100 leet and 1/2 mile on either side of
the shipping route, assuming 330 persons per square mile,
10 mr/hr at 6 feet from the vekicle and each shipment
traveling 200 miles per day. See Appendix D for the
detailed calculations. '

14

(7) Animals. The exposure of domestic animals or pets
during transic is unlikely since the waste is transported
as a "full-load.”

(8) Film. Unexposed film is unlikely to be loaded on
the same vehicle as a load of waste, and hence is unlikely
to receive any radiation exposure. It is possible that

& car or truck containing film could be parked adjacent to
the carload cr truckload of waste for several hours. The
11ikelihood of this occurrence 1s so low that it is not
practical to calculate 1it.

Accident Conditions
1. In~Plant Accidents

The "in-plant” radfological aspects of transportation of radio-
active material are evaluated separately as part of the
licensing procedures or contractual requirements and are not
evaluated against the packaging standards and criteria for
transportation. For that reason, the "in-plant” aspects have
not been ifacluded in this analysis.

2. 0Off-Site Accidents

The likelihood of leakage of radioactive material from a
package of solid waste is swmall because of the solid form of
the material and the leaktight design of the containers. Both
the solid form of the material and the small amount of
radioactivity per unit mass limit the adverse effect in the

" unlikely. event a release should occur.

a. Improperly Clqaed Packages

In the shipuent of a large number of packages of solid wvastes,
it 1s possible that some of the drums or packages may aot be
" properly closed as a result of human error. It is estimated
that sbout one in 10,000 packages may not be properly closed
vwhen shipped. In the unlikely event that an improperly closed
package comes open, the solid form of the material, either
as coarascted soft vastes or consolidated solid vastes, makes
1t bighly unlikely that other than a small release of radio-
aceivity will take place. No significant radiation expcsures
would be likely to result. However, cleanup costs eight amount
to a few thousand dollars.
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b. Accident Condit ions

A ctruckload of solid waste may be involved in gn accident
about once in 25 reactor years and a rail carload about once
in 250 reactor years (see Appendix A).

The packages used for the waste are S0 designed and coastructed
and the solid form in which the waste ig shipped is such that,
in the unlikely event a shipment of solid waste 1s involved fn
an accident, it g unlikely that the radioactive material would
be released. Based on the results of an instrumented tege3S

in which a Semicrailer truck loaded with drums was crashed into
an fomovable barrier at 42 mileg per hour, it is highly unlikely
that wore than 502 of the Type A packages or any of the Type B
packages would be damaged in an accident. Most of the radio-
accivity is tightly bound in the waste and most of the wagte ig

- 1o a massive, solid form. Unless fire ensues, the amount of

radioactivity which becomes airborne in the unlikely eveat a
drum or Package were to be broken open ig unlikely to exceed
& very small fraction (less than 0.12) of the activity of the
contents of that drum. In a fire, combustible wastes my be
burned but most of the radioactivity in waste burned in a fiye
will remain fa the ashes.

Soft. solid ‘Wastes such as Paper, contaminated clothing, etc.,
compacted and Placed in drumg are typical Type A Packages

of soltd waste. Each may contain as much as 1 curie of
activation and fission Products, primarily Fe-59 and Cs-137
diseributed throughout about 500 pounds of wvaste,

concrete in a SS-gallon drum or in concrete~ or wetal-shielded
flasks. Because of the form of the waste, it {g extreaely
unl;kely that the contents would be releaged in any accident.

The amounts of radioactivity contained in each drum of waste
are small {n mogt cases. Based on the data presented earlfer,
about 3 percent of the drums ‘of waste would contain compacted
Wastes with very low levels (millicurie amounts) of contam—
ination and 95 percent would contain solid wastes with a total
radioactive content averaging less than 0.3 curie per drum.

In the unlikely event sych Packages are broken open in an

~———— e

ire contents were released, the solid form would
limit the amount dispersed to a small fraction of the total

Accident Rigk
==t2cent Risk

The probability of a shipment of 80lid radicactive waste being
iavolved {n an accident 1g very small. Because of the package
design, quality assurance, and nature and form of the waste,

& release 1s unlikely in an accident. 1In ghe event a release
occurs, the small amount of radioactivity in moge Packages of
vaste and the face that the radioactive material is tighcly
bound 1n 4 massive s0lid makes it highly unlikely that any
serious radiation eXposures would occur. Therefore, the
radiation risk to the environment from solid radioactive vaste
in transportation accidents is gmall,
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VII.

POSSIBLE ALTERNATIVES AND ADDITIONS TO THE TRANSPORTATION METHODS

ANALYZED AND COST-BENEFIT ANALYSIS

Under normal conditions there are no effects on the environment which
would be considered adverse, and although the consequences of credible
accidents are serious, the probability fs so small that the overall
risk is not sufficient to justify any significant effort to further
reduce the consequences.

fhe following alternatives and actions were examined:

A.

Routing

The probable routing of shipuents of unirradiated and irradiated
nuclear fuel and solid radwastes is indicated in some Environ-
mental Reports for individual nuclear power plants. It is not

"intended that the shipments be restricted to these routes since

the safety standards of the AEC and DOT do not rely on restriction
of routing for assuring safety in transport.

The regulations of the States impose controls on weights of loads
on roadways and bridges. Also, in some cases municipalities and
bridge, tunnel, and turnpike authorities place restrictions on
travel at specific periods of the day or night ard over certain
gections of routes. These latter limitations may affect tqf
choice of routes.

Routes for shipping radioactive material could be required to

be selected so as to avoid centers of population, special risk
areas due to local road or rail conditions, areas of high acci-
dent frequency, extremes in ambient conditions such as very cold
or very hot weather, high elevations, and delays. Such restric-
tions. could reduce the probability of am accident occurring in
many cases. However, if the shipping distances were increased
to avoid the conditions, the accident frequency could be
increased. Examination of local conditions would be required in
each case to determine whether such restrictions would be advan-
tageous Oor not. :

Requiring radioactive material shipuments to be shipped over
routes which avoid centers of population would reduce the radio-
logical consequences of those accidents in which a release of
radioactivity is involved or direct radiation exposure of per~-
sons in the area results. This follows, since the dose would
be smaller if the number of people in the affected area were
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smaller. The risk from accidents, however, involves both fre-
q y and q . If the gunmber of miles traveled is
increased by the special routing restriction, the frequency of
accideats will be increased unless the probability of an acci-
deant is smaller for the "special route,” since the number of
accidents is proportional to the number of miles traveled.

Also, the risk from accidents due to common causes far cver-
shadows the risk due to radiological effects. In truck acci-
dents, for instance, non-fatal injuries accur in 33% of all
truck accidents and fatal injuries in 3T of al! truck acci-
dents." whereas the radiological effects occur in only a

very small fraction of all accidents. Experience37+39 4nd the
statistics analyzed in this report show cthe probability of an
accident occurring which causes any radiological effects is ex-
tremely amall. Special routing to avoid centers of population
to reduce the radiological effects, which are already small, can
be expected to have only a very small effect. Therefore, any
reduction in the already very small risk from radiological effects
nay bg outweighed by an increase in the risk from common causes.

At present, truckers carrying hazardous goods are required by
DOT regulations®? to avoid congested places insofar as is
practicatle. Truck routes usually are chosen to move traffic
along and for that r2ason usually avoid congested areas.

Carriers use Interstate highvays whenever possible. Interstate
highways avoid ceanters of population fn most cases. Although the
use of divided highways and routes around population centers may
raduce the probability of an accident occurring per mile, the
severity of those acclidents which do occur will be increased
because of the higher rate of speed of the vehicle.-

There are no specific regulatory requirements with regard to
routiag of hazardous materials shipments by raitl. Severe rail
accidents involve high speeds and frequently occur because of
faulty roadbeds or equipment. Roadbeds connecting centers of
population are used more frequently than off-the-main-line road-
beds and generally are better maintaiuned for that reason. Further
accidents occurring inside city limits are unlikely to be as '

. severe as those outside the city limits since speeds are restricted

somevhat, and emergency equipment is more readily available.

For these reasons, it appears likely that for rail shipaent, the
frequency of severe accidents may be greater for shipments made
on routes chosen to avoid centers of population than if those
same shipacats were made on "main line routes™ between population
centers. - : ‘
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Escorts

Escorts, in separate vehicles or cars, could be required to accompany
the shipments. They could be-equipped to monitor the area and take
corrective action in case of an accident. Escorts who survive

could assist in control of any accident, but probably could not
reduce the effects of immediate releases such as releases of

noble gases and iodine. It does not appear likely that a require-
ment that escorts accompany a shipment can be justified in view of
the low probability of a severe accident occurring {n which an escort
would be effective.

To be effective, escorts would have to be provided for each major
shipment of radioactive material. Although an escort in a geparate
vehicle might mitigate the consequences of some accidents and
reduce the already small probability of the shipment vehicle being
iavolved in ar accident, the escort vehicle has a probability of
being {nvolved in an accident at least equal to that of the shipment
vehicle. Because injuries occur in 13% of all motor vehicle acci-
dents, the increased number of injuries due to accidents involving
the escort vehicle outweighs the small probability that escorts
could red the con of the severe gccident, less than
0.5% of all accidents.

Longer Storage of Spent_Fuel

The amount of radioactivity and decay heat in the irradiated fuel
can be reduced by holding the irradiated fuel in the storage pool
at the reactor for long periods of time.

For purposes of shipment, the radioactive decay that takes place
io irradiated fuel during the first 90 days after removal from

the reactor is considered important. During that time most of the
fodines decay to small values, the noble gases are reduced, and
other short-lived radionuclides decay so that the amount of heat
generated is greatly reduced. The difference in radioactivity
inventory and decay heat between 90 days and 150 days is not
considered to be significant for shipment. Therefore, shipment
anytime after 90 days of cooling time {s considered to be within
the scope of this analysis. Shipment in less than 90 days cooling
time would require reexamination of the added risk and potential
benefic. '
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By storing the fuel for a full year instead of 150 days, the
radioactivity and decay heat could be reduced by a factor of 2, and
storage for 10 years would reduce them by a factor of 10. Storage
beyond 150 days gains little in terms of reducing the inventory.
compared to the required increase in storage capacity for the
nuclear power plant, fuel inveatory costs, and the additional pre-
cautlons necessary to assure that the risk is not greater because
of the extra fuel on hand. On balance, it does not appear storage
beyond 150 days is warranted.

Lower Radiation Levels Outside of Packages

It ia possible to design and build heavier packaging with addi-
tional shielding or, by reducing the amount of radioactive material
in a package, to reduce the radiation levels outside of the package.
Additional shielding for most container designs would be added to
the outside of the present shielding to avoid reducing the capacity
of the container. The fractional increase ip the weight of the
container due to the added shielding would be more than the
fractional increase in shielding thickness. The costs fncrease

as the ratio of weight of container to weight of the contents
increagses. Additional shielding also increases the initial cost

of the container. .

The weight of present designs of casks is approaching the limits
of the available handling and transport facilities. Extra pack-
age weight weans a smaller number of packiges per vehicle, which
would mean more shipments. More shipments would be required {f
the content of preseat packages were reduced. Increasing the
number of shipments increases the frequency of accidents and
thereby increases the impact on the environment.

Taking into account the costs associated with additional shivlding,
weight limitations of available facilities and equipment, and the
preseat state of the techaology, the Staff concludes that the
radiation levels associated with present designs of casks are as
low as practicable.

More Stringent Accident Damage Test Criteria

The radiological risk due to accidents involving packages of radic-
active material might be reduced by imposing more stringect
accident damage test criteria on package designs.

Exparlénca and estlmated protabilities and consequences of acei-
dents indicate tne radiological risi tn transport accldenzs

‘which result from packages which mee: the present accideat damage
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test criteria is small (see Appendix B). Increasing the severity
of the test conditions would require heavier or larger packaging
designs to meet the criteria. Extra weight of packaging would
reduce the ratio of weight of radioactive contents to package
waight. Larger and heavier packages, in most cases, would mean
a smaller number of packages per vehicle.  The reduced ratio and
fewer packages per vehicle would increase the number of shipments
required to be ghipped from an individual reactor. Increasing
the number of shipments would increase the aumber of accidents
in which such shipments would be involved.

. Because the radiological ris¥ 13 so small, imposing more stringent

test criteria can achieve oniy a relatively small reduction in

that risk. An increase in the number of accidents in which ship-
ments of radioactive materials are involved tends to offset that
advantage, because thie overall risk from both radiological and
common (i.e., non-radiological) causes is proportional to the number
of accidents and the cisk from common causes, although small (see
Appendix C), 1s greater per accident than the risk from radio-
logical causes.

Changes in the accident damage test criteria for radiological
safety do not appear to be warranted in view of the smal® radio-
logical risk as evaluated in this report. Considering the small
overall risk in accidents and the present balance of radiological
ve. common cause control, we conclude that the present accident
damage test criteria provide control over the radiological risk
to a level as low as practicable.

Nuclear Parks

The term "nuclear park’ applies to a .auclear industry complex or
cluster in which the nuclear fuel is fabricated, used, and reprocessed
on the same or contiguous sites. This requires that fuel fabrication
and fuel recovery facilities be located in the cluster with the
nuclear pover plant. In such a cluster, transportation of unirradiated
and irradiated nuclear fuel for the power plant would be limited to
wovement on the site. :

When and if nuclear parks are developed, this will minimize the risk .
from transportation of nuclear fuel. .
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APPENDIX A

ANALYSIS OF TRANSPORTATION ACCIDENTS

Introduction

One of the purposes of regulations applicable to the transportation of
radioactive material is to assure that the risk of ifnjury or damage to
property from accidents in transport is low. With respect to radiological
effects, this 1s achieved by a cosbination of limictations on contents,
package design, and quality assurance requirements and controls exercised
over storage and loading during transport. The probability of a wehicle
carrylng a shipment of radiocactive material being involved in an accident
in transport is not greater, and experience indicates it is less, than
the probability of a vehicle of the same type transporting other goods
being involved in an accident. Ian consideration of the environmental
risks associated with transportation accidents, the probability of thetr
occurrence and their consequences must both be taken into account.

As to the consequences, either the contenta of each package must be
limited so that in the unlikely event the contents were released, the
consequences would not be serious or the package must be designed to
Pravent loss of contents or shielding and assure nuclear criticalicy
safety under accident conditions. While the package design standards
do not provide a completely indestructible package, it would require a
very severe and highly unusual aceident to breach a container. An
smalysis of the severity and probability of occurrence of accidents
follows.

Experience

In the past 25 years, several millions of packages of radioactive matertal,
including approximately 3600 packages of irradiated fuel, have been
transported in routine commerce. The Department of Transportation
estimates at present about 800,000 are shipped each year in the U. S.
During that same period, there have been only about 300 accidents
ncorded”."o in vhich radioactive material were involved. None of

these"! resulted 1n serfous injury of people as a result of the radio-
active nature of the material. In only about 30X of those accidents was-
there any release of radioactive materifal from the package or increase

in the radiatica levels outside the package.
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The accident statistics related above represent an excellent record of
safety in the transportation of radiocactive material. Since the accidents
involving radioactive materials which have occurred are small in number
and present only a limited range of conditions likely to arise in trans~
portation and consequences of potential accidents, other data must be

"relied on for analysis and projection of the tisk from accideats involving

radiocactive materials. One source of that data is accident experience
with other hazardous materials. In 1971, 2255 accidents involving
hazardous materials were reported to the DOT; only 10 involved radioactive
materials. Two of the 10 accidents involved only empty radioactive
material containers; 1 resulted in in:reased radiation levels; 2

produced low levels of contamination outside the vehicle and 1 (the

Delta Airlines incident of December 31, 1971) produced contamination of

4 cargo compartment and some luggage and required a considerable amount
of effort to clean up. In another accident, a shipment of UF, in large
cylinders was involved in a train derailment but cthere was no’release

of UF.. 1In 1972, through June 23, a total of 1696 accidents were reported
to DO?; 8 involved radiocactive materials. Only one of the 8 involved any
Telease of radioactive materisl and that was a sealed source released
from the package which was recovered with no residual contamination.

These statistics represent a distribution of accidents in transport
skewed toward the severe end since the statistics include only rer.rtable
hcclden:s, i.e., accidents which resulte in an injury or fatality or
property damage in excess of $250.

Accident Modél for Analysis

For analysis of data on accidents, an accident can be divided into a
series of events and each event treated as a separate component. The
progression of events involved in an accident which may result in damage
from radiacion effects are presented in a highly simplified model. Data
for some of the events are available and for somc are incomplete. Data
on impact and fire accident probabilities and severities are available.
There are considerable test data on resistance of radioactive material
packages to impact and fire up o the level of the package design test
criteria. Based on the data known about the stresses produced on packages
in real transportation accidents, it is believed the present standards
assure packages of radioactive material will withstand all but very
severe, highly unlikely accidents. This is borne vut by the statistics
related above.

Sume hazards are present in normal operation and some arise in normal
operation. A threshold =xists at each stage in the prog:.gssion of
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events identified as an accident. If the hazard or combination of
hazards at any stage fails to exceed the threshold, the process of the
accident stops and no damage results. For example, if the impact energy
absorbed by the vehicle is such that the energy transmitted to the
Package is below that which will cause failure of the package, and other
forms of stress (such as failure of the tie-down or fire) do not develop,
the progress of the accident stops at that point.

The packaging standards and criteria establish that threshold; for
industrial type packaging and Type A packaging, the threshold is bigh
under normal conditions and for Type B packaging, the threshold is high
under both normal and accident conditions. The threshold of failure

for packages 1is not known, although most Type A packages will withstand
minor accidents and some will withstand severe accidents without loss

of contents," Type B packages are required to be designed to with-
stand specified accident damage test conditions; the point ac vhich
failure would occur is often not known. From an analysis of test results,
it appears that some designs will withstand stresses well above the test
conditions. Tests to destruction were made for certain types of containers
in an attempt to better define that threshold.“3 The part of the package
which fails and the type of failure, as well as the threshold of failure,
vary from one type of package to another.

Transportation Accident Statistics6?

The probabilities of accidents by truck, rail, and barge are derived
below from statistics of accideats supplied b{ the U. 5. Departwent of
Tranaportation (DOT) for 1969 and 1970.36:%4.%5 me’ condictons likely
to be encountered in the accidents in terms of velocity of impact of
the vehicle and incidence and duration of fire were developed from
analyses made by Leinkuhler, various statiscics on frequency of fires,
and inforwation in the 1969 and 1970 accident statistics referred to
above,

Accidents occur in a range of frequencies and severities. Most accidents
occur at low vehicle speeds; the severity of accidents is greater at
higher speeds but the frequency decreases as the severity increases.
Accidents generally involve some combination of impact, puncture, and
fire effects.

For purposer of this analysis, accidents are divided into five categories -
ainor, molerate, severe, extra severe and extreme. . :
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o0 § 3 Accident Statistics for Trucks
-] ~ o 3 . .
To:&: _~3§ h In 1969, large motor carriers3® reported a total of 38,813 accidents
E‘z 3 involving death, injury, or property damage in excess of $250. The
Q accldents included 19,682 injuries, 1,497 fatalities, with an overall

accident rate of 2.46 accidents per million vehicle miles. For hazardous
materials shipments, the accident rate was 1.69 per million vehicle

miles. The overall accident rates per million vehicle miles for previous
years are 3.2 for 1964; 2.3 for 1965; 2.4 for 1966; 2.4 for 1967; and 2.5

il

- o0 o0
a3
T 8 E - u L] E £ for 1968. Fifty percent of the reportable accideats involved collision
x LE = o a8 with autos or buses, 15.5% collisfions with other trucks, 142 collisions
B %] &s a 9 v # with fixed objects, 0.62 collisions with trains, 9.5% were roll-overs
- E a = oy ' or run-offs, and 11.4% other types of accideats. Fire occurred in
. E 2 1.572 of the reportable accidents." .
o =
3l - In truck accidents, severe damage to the package may be encountered in
o : all types of accidents. Impacts which are likely to be wost damaging
x | are those on stationary, rigid objects, such as concrete abutments or
= @ .
Q 0 C e A bridge structures. In collisions with an object, yieldiag or crushing
2 5 P va . of the vehicle or the object with which the vehicle collides reduces
E se 2% n 3% the impact received by the package. Roll-overs usually occur at higher
a F 335 ° 34 gpeeds, and must be cousidered as potential contributors to major damage
o o e & o o F T of a package. k
. S L _
<
o~ z ’ " @ A study in 1960“% ghowed the following percentages of accidents for
; 2 H e & the four ranges of truck speeds given. We have assumed those percentages
g B R apply to the four ranges of speeds used in our analysis of 0~30, 30-50,
) P be] 3 50-70, aad >70 wph. '
a » an oph.,
o 20 c : .
14 5 ° '
2 oe et TABLE 1
o 3 F e BEEL
2 7 Speed in MPH
= [ £
o E E;‘ Type of Accident 0-32  32-52 52-72 >72
~ j ] . .
i All accidents 23.72 56.02 19.82 0.52
& il o
g w0 [ 5 Collisions with autos and buses 34X  42% 231 1z
™ e I
° i - be . .
] H g - Collisions with other trucks 252 122 I 0.Xx
oe 7 bal c . : .
o] &
- Eal ia) § - Overturns and other collisions 8% 691 232 ox
- =

Truck fire data’® jndicate that fire is involved in about 0.8% of truck-
truck colliisiosns, 0.32 of the truck-auto collisions, 0.6X of truck-fixed

Normal |
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object collisions, 2X of the truck-frain collisionms, and 1% of the
roll-over/run-off accidents. Most fires involve only the fuel from the
vehicle fuel tanks, and last less than 1/2 hour, unless other freight
becomes involved. Only in the case of truck-truck collisions 1is there
likely to be a larger supply of fuel involved, e.g., a collision with a
gasoline tank truck or a truck loaded with paint. Some fires start from
overheated tires or accidental ignition.of carga. Truck-auto, truck-bus,
and single-vehicle accidents were considered to be essentially free of
fires lasting longer than 1/2 hour.

It is assumed that only in truck-truck accidents is there a credible
iikelihood that fires would occur which list more than 1/2 hour, and
then only when one of the trucks is carrying significant amounts of
flammable liquids as cargo (e.g., tank trucks of gasoline or liquefied
petroleum gas; or van trailers carrying barrels of paint). For lack

of data on the percentage of trucks carrying flammables, it is con-
servatively assumed that at least one of the trucks in each truck-truck
accident is carrying flammable cargo. Of all truck accidents, 15.5%
involve other tiucks, i.e., are truck-truck accidents having a potential
for long fires.

Of the fires which do occur, it has beean estimated"® that 1% of the
fires last more than one hour, 10% last between 1/2 hour and one hour
and the balance, 89%, last less than 1/2 hour. Although there are
fires in transport which last for several days, in most cases these
involve the burning of only small amounts of fuel per unit time, and
are of little consequence in terms of heat output.

The probabilities for truck accidents are listed in Table 3.

Accident Statistics for Railroad Cars

In 1969, for a total number of car miles of about 61 billion, the rail

industry“"® reported a total of 8,543 accidents involving death,

injury, or property damage in excess of $750, of which 4,971 were other
than grade-crossing accideats. The accidents included 23,356 injuries,
2,299 fatalities.

In 1969,“" the total number of accidents per million train wiles was
9.89; for 1968, it was 9.16; and for 1967, it was 8.15. The average
train iength is about 70 cars. .

The overall accident rate is 0.14 train accidents per million car miles.
The accident rate for other than grade-crossing accidents is 0.08 train

I
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accidents per million car miles. Each accident involves an average of

10 rail cars, so the accident rate per car for other than grade-crossing

 accident would be about 0.8 car accidents per million car miles.

Twenty-one percent of the reportable accidents were collisions, 70%
were derailments, and 9Z were other types of accidents. About 1.5 of
the rail accidents involved fire, most of them occurring in serious
derailments in overland movements. :

In rail accidents, severe damage to the cargo may be encountered in both
collision and derailment type accidents. Rail grade-crossing accidents
(train-truck or train-auto) rarely involve significant damage to cargo.
Other collision type accidents which do not cause derailment are not
likely to involve significant damage to a package. Accidents which have
the highest probability of producing significant damage to shipment
containers are overland derailment accidents which iavolve either fmpact
of the packages on forward cars, or impact on the packages by rearward
cars. - S .

. The accident rate of 0.8 car accidents per million car miles for other than

grade-crossing accidents was used as the probability of a railroad car
carrying a shipment being involved in an accident that might cause damage
to that shipwent. The overall accident rate of 0.14 train accidents per
million car miles was used in estimating the effects from common causes
of a car being involved 1o an accideat.

An unpublished study by the DOT of the total accidents that occur at
various speeds indicates that 58.52 of all train accidents occur at a
speed less than 30 miles an hour, 32X occur at a speed between 30-50 miles
an bhour, 9.4% occur between 50-70 miles an hour, and 0.1% occur at speeds
exceeding 70 miles an hour.

Fires other than those involving ruptured tank cars of flammable liquids
are unlikely to last longer than 1/2 hour, due to lack of sufficient fuel.
Data relating major fires to train speed are sparse. It is estimated
that 1.52 of all rail accidents involve fire of which 85X last less than
1/2 hour, 14X last between 1/2 hour and 1 hour, and 1X of the fires last
wore than 1 hour.

" The probabilities for rail accidents are listed in Table 3.
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Accldent Statistics for Barges

Becords for fiscal year 1970 for domestic waterborne trafficd show a
total of 506 billion ton-miles of water traffic with 548 cargo barge
accidents reported. Data are not available to indicate the fraction
of those ton-wiles due to barge traffic. We estimated the total barge
ton-miles to be 380 billion. According to the Coast Guard report,
aiscellaneous types of vessels, including cargo barges, were involved
in accidents which resulted ia 33 injuries and 33 fatalitles during
that period.

The available data can not be analyzed ‘n the same way as the data

for rail or truck transport. On the basis of discussions with the U. §.
Coaat Guard, it is assumed that the average net (cargo) weight of a
typical barge ia about 1,200 tons. The total number of barge-miles
would then be about 310 million. This yields an accident rate of about
1.8 accidents per willion barge miles.

There are very few data available on the severity of accidents involving
barges. Barges travel only a few miles per hour; therefore, the velocity
of impacts in accidents would be small. Because of the large mass of
the vehicle and cargo, severe impact forces could be encountered by
packages (spent fuel casks) aboard barges. A forward barge could impact
on a bridge pler and suffer crushing forces due to other barges being
pushed into it. A coastal or river ship could knife into a barge. Fires
could result in either case. An extreme accident, i.e., an extreme e
impact plus a long fire, 1s not considered credible. The likelihood of
a severe fire in barge accidents is small because of the availability

of water at all times. Also, since :asks could be kept cool by sprays
or submergence in water, loss of mechanical cooling can be compensated
for.

Tha 1ikelihood of cargo damage occurring in a barge accident is much
less than in the case of rail accidents. For purposes of this analysis,
and based on U, S. Coast Guard data, it is estimated that about 90X of
the barge accidents would result in minor or no damage to the cargo,

and would not involve fires. Moderate cargo damage due to ilmpact would
result in 82 of the barge accidents and severe damage in 2%. Fire would

be likely only in those accidents involving moderate or severe cargo damage,

and it 1s estimated that the likelihood of a fire in severe accidents
would be 10 times that in moderate accidents. Based on the 1970 data,
with only one cargo fire reported, it is estimated that fire would occur
ia 0.652 of the moderate accideats and 6.5% of the severe accidents.

.
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There are no data on the. duration of fires in barge accidents so we have
uwed the rail figures of 85% of all fires lasting less than 1/2 hour,
142 lasting between 1/2 and 1 hour, and 1X lasting wore than 1 hour.

:::lpr;babiutiu for barge accidents have been incorporated into
¢ 3. :

Accident Severity Categories

In Table 2, accidents are categorized by degree of severity in terms of
velocity of vebicle impact and incidence and duration of fire.

TABLE 2
Accident Vebicle Speed Fire
Severity Category at Impact (mph) Duration SI_:Q
1. Minor 0-30 0-1/2
30-50 0
2. Moderate 0-30 1/2-1
. 30-70 <12
3. Severe . 0-50 >1
30-70 1/2-1
>70 0-1/2
4. Extra Severe 50-70 ’ >1
>70 1/2-1
5. Extreme >70 >1

Accident Probability -

Table 3 shows the probabilities of an accident in each of the five accident
severity categories and for each of the three modes of transport calculated
on the basis of the data presented earlier.

From Table 3, we see that the differences between the truck, train, and
barge accident probabilities in terms of accidents per mile in each of
the severity categories are small. For purposes of estimating the risks
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TABLE 3
- ACCIDENT PROBABILITY
Vehicle Fire

Severity Speed Duration Probability per Vehicle Mile
Category (=ph) (hr) Rail Truck Barge*
Minor 0-30 <1/2 6x10~? 6x10~? -
30 . o0 4.7x10”7 ax10”’ 1.6x107%
. 30-50 0 2.6x10”7 9x10~7 1.4x0”7
Total 7. ;:10‘7 1.3a07 1.7x10°8
Moderate 030 /2.1 9.3x0710 sx1071} --
.30-50 /2 ©3.3x1077 1x0°8 8x10”2
50-70 <1/2 9.9x10710 sx0? - 241079
50-70 0 7.5x10°8 3x10~’ 3.4x10"8
Total 7.9x1078 3x10”’ 4.4x10°8
Severe  0-30 1 7.0x07 . sx10712 -
30-50 >1 3.9x1071! T 9.3x10" 1
30-50 /2.1 5.1x0710 1x10710 1307
50-70 1/2-1  1.5x10°10 6x10” 12 3.3a0™10
0 an 07t 0710 --
>70 0 8x10”10 8x20"" -
Total 1.5x10° 8x10"2 1.6x10™°
Extr;
Severe  .50-70 >1 L.1xio” 11 ex10”13 2.3x107 1}
>70 1/2-1 Lexio7}? 210713 -
Total 1.3x1071 sx10” 13 2.3x10” 12
Extrewe >70 >1 taxc 3 2x10714 -
Total 1.2x0° 13 20”2 -

* Barge accident probabilities are based on the duration of the fire and

' actuarial data on cargo damage. The impact velocities of all barge
accidents were considered to be less than 10 mph, but for the purposes of
this table, minor cargo damage is assumed to be e€quivaleat to vehicle im-
ggf;ospeeds of 0-30, moderate cargo damage 30-5C and severe cargo damage
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in this analysis, a single value rounded off to one aipiﬁcint figure is
taken for all three modes of transport as sh in Table 4. .

-TABLE &

Accident Probabilities for Truck, Rail, and Barge per Vehicle Mile for the
Accident Severity Categories

Extreme
13

Extra Severe
11

Minor Moderate Sevare
6 7

2210% 3110 8x100 2x10 1x10

Unusual Accidents

Certain other accident circumstances can be postulated which may have a
damaging effect on a package and for which the probability depends on
other than the number of miles traveled.

1. Llandslides. If an irradiated fuel cask 13 covered in a landslide
such that it is unable to dissipate its heat, the temperature in
the container will continue co rise untf! the ctontainer reaches
equilibrium or is removed from the insulating surroundings. The
probabfility that an irradiated fue! shipment would be present on
a truck or raflcar which is involved in a landslide and the

" irradiated fuel cask covered with dirt in a manner such that very
-lcele of the heat can be dissipated is believed to be extremely
ssall. -

2. Ismersion in Water, Because very few accidents and few transship-
ments involving shipments of fuel or radwaste are expected to occur
over water, it is extremely unlikely thar a package of fuel or rad-
waste would be accidentally dropped into water. I1f dropped into
shallow water, the package is unlikely to be damaged. In most cases,
a package, cask or drum dropped iantc deep water would leak ianward,
through a gasket or valve, so the external and internal pressures
would cqualize as the package, cask, or drum sinks.“®»¥3:50 14 gome cases,
the container might collapse. S5ome small amounts of radioactive
material might be released. The ccatainer would seek the lowest

* level possible, either at the bottom or at a flotation level if the
contents were iow-density materials and remain at that level until
recovered, or until dissolved by the corrosive effects of the water
over many years. :

-
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The heat from a cask of irradiated fuel immersed in water would be
released to the water. In mst'cases, suitable recovery procedures
could be implemented in a reasonable length of time to remove this
therwal heat source from the body of water. For this reason and

3. Human Error. The adequacy of the design of a container.can be com—
promised by an error on the part of the person loading and closing
the package. One or more bolts may be left out or not properly
tightened, a gasket misplaced or omiited, or a brace or "holddown"
Plece left off. The chances of such an error are small because of
the procedures required by the regulations for examination of the
closed container prior to each shipment, including tests for leak
tightoess, where necessary.

Use of the wrong materials or errors made in construction also can
result in a container failing to function properly during transport.

prior to uge.

Each year a few packages are reported to have leaked even though not
. iavolved in an accident (e.g., the Delta Airlines incident of
December 31, 1971), perhaps 8 out of_800,000. Many of these incidents
are believed to be due to human error in closing the container. Perhaps
1 in 10 improperly closed packages is detected and reported. These
usually iavolve shipments of liquids or gases and the amount of leak~
age 1s small. For such containers, Type A packages, it is estimated
that 1 in 10,000 shipments is improperly closed when shipped.

Taking into account the size of the components in wmost Type B packagés
€.8., casks, and the attention to detail required in the closing ’
procedures for casks and other Type B packages, it {s estimated that 1
in 100,000 cype B packages, including irradiated fuel casks may be
1nproperly closed when shipped. )

delacionship of Accident Severity to Package Damage

The qmount.of damage to a package in an accident s not directly related
to the accident severity; that is, in a series of accidents of the same
severity, or in a single accideat involviang a number of packages, the
awount of damage to the packages involved.may vary from' no damage to .

_extensive damage.
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Various factors limit the effect accident conditions will have on a ' 8
package.“'sz In relatively minor accideats, serious damage to packages
can occur due to impacting on sharp objects or by being st.uck by other
cargo. Conversely, in extreme accidents, damage to some packages may be
minimal. In some cases, the packages may be thrown free of the lopacting
vehicles or be so located in the vehicle that they are unaffected by the
impact or the fire that ensues. Package damage depends on the form and
amount of energy sustained by the package and the ability of the package

to withstand those forces. The forw and amount of the energy transmitted
to the package in an accident depends oo several factoras which vary daccord-
iag to the accident circumstances.

The ability of a package to withstand accident forces depends on the design
of the package and the quality assurance exercised in its manufacture, use,
and maintenance.

DOT and AEC regulations specify certain package accident damage tescsd?d
vwhich provide a means for reproducing in the laboratory or ia the field
the same general type and degree of damage a package might reasonably be
expected to sustain in a severe transportation accident. Any package
which can be shown to meet those standards is called a "Type B" package
and can be expected to withstand accidents without leakage or significant
shielding loss. The tests do not in themselves represent a transportation
accident.

There are four such tests. They are a 30-foot freefall onto a flat
unyielding surface, 'a 40-inch freefall onto a steel plunger, a thermal
test and immersion in water. To better understand the design requirements
imposed by the accident damage test criteria, the 30-foot freefall and the
thermal test are discussed in some detail. :

Although the velocity at the tize of impact in the drop test is about

30 mph, the test requires.dropping the package, including the protective
shield if it is part of the package, cn an unyielding surface. In very
few accidents does the vehicle impact with an unyielding surface. In a
real accadent, the forces the package sustains are mitigated by the angle
of impact of the vehicle, the crushing of the vehicle, which absorbs much
of the {mpact, and the fact that, for impacts of heavy objects such as
transporting trucks, the object with wvhich the truck collides in most
cases yields and thus absorbs som: of the impact.

For example, in ¢n instrumeated full-scale test of a 15-ton cask on a
seai-trailer :n which the trailer was drivee into an immovable barrier at
28.5 miles per hour,35 the cask received oniy a fraction of the stress
ic was designed to withstand. The casx remained tied in place on the

- trailer and was undamaged, vhile the tractor was completely demolished.
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As part of that same test sérles. a semi-trafiler truck loaded wich

several differeat types of drums was driven into the immovable target at
42 mph. Several of the drums lost their lids but none of the inner con-
tainers was released or ovpened. About 50% of the drums were not damaged.

With respect to fire, the package must be designed to withstand the
thermal test in which the package is subjected to the heat input from
a radiant environment having a temperature of -1475°F and an emigsivicy
of 0.9 for 30 minutes.

Severe transportatfon fires seldom last more than 1/2 hour, except in
ships and storage depots,>* because either the fuel is exhausted or the
fire is estinguished by fire fighting crews. Although flame temperatures
of liquids such as jet fuel or kerosene may reach 1800°F-2000°F, such
peak temperatures are reached only very locally on the surface of mate-
rial involved in the fire. Only under very unusual circumstances 1s moie
than 507 of a package surface likely to be exposed to the flame for as
long as 1/2 bour. Even in a longer fire, the package may be in a loca-
tion where the fire has little or nu effect on it.

For the above reasons, it is concluded that a gackage designed to meet
the thermal test requirements in the regulatiors as a Type B package is

'likely to withstand the fire conditions in transportation accidents.

. Iype A Packages (e.g., drums of low level radwastes)

It is unlikely that a Type A package will be damaged and very unlikeiy
that it will be breached in a minor accident. Based on experience and
tes:s,35 some fraction, pernaps 10%, of Tvpe A packages will not be
breached {n very severe accidents. ’

Type B Packages

Based on regulatory standards and requirements for package design and
quality assurance, results of tests, and past experience, Type B packages
are likely to withstand all but verv severe, highly unusual acclidents.
The probability of a Tvre B package being breached is low, so low that
detalled consideration is not required in this analysis. Although the
consequences of 3 teiease cruid be serions, the probability of occurrence

- s smali, and therefere the risk or impact on the environment is very

swall.
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APPENDIX B - SECTION I

CONSEQUENCES OP_TRANSPORTATION
* ACCIDENTS INVOLVING SHIPMENTS OF

NUCLEAR FUEL OR SOLID RADIOACTIVE WASTE
—_——e e oA BALIUAGLIVE WASIE

Estimates of Releases in Accidents
<2l tt8 O neleases In Accidents

Estimates of the amount of radioactive material released in the unlikely
event that a container is breached are given in this Appendix, taking into
account engineering assessments of a variety of package designs, actual
accident experience, the properties of the fuel and radwaste, and experience
in shipment, reactor operation, and storage. In the case of Type B packages,
the accidents analyzed which exceed the design basis accidents are practi-
cally incredible. :

The mechanical and physical effects the accident forces would have on the
contents, i.e., the fuel rods and solidified or compacted waste, and on

the rate and amount of release when a breach of containment occurred,

were considered in estimating the release in each type of accident. Con-
sideration also was given the influence of the accident forces on dispersion
of the released material. The consequences in terms of potential doses to
people were calculated for the estimated releases of krypton-85, iodine-131,
and fission products. Normal distributions of weather and population
densities for a release on land were used in the calculatfons.

The overall probability of a release into water is smaller than release
on land because, with the exception of barge transportation, most of the
tr portation 8 over land.

The consequences of a release into water would depend on the characteristics
of the material released and the conditions of use of the water. The re-
lease into water could affect soluble materials, and very little of the
80lid radwaste and none of the nuclear fuel is shipped in soluble form.
With respect to release of fumes or dust, if the material is not soluble,
the potential exposure levels would probably be smaller since dispersion

in water would result in dilution. For dusts or fumes, even if soluble,
the limits on the concentration in air are more restrictive than the limits
on the concentrations in water. Also, if desired, depending on the circum-
stances, some restrictions on the use of contaminated water could be
imposed.,

Assumptions as realistic as the atate of knowledge perrits were used in
eetimntlnr the consequences of accidents. Wherever possible, realistic
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average values were used; otherwise pessimistic assumptions were made.

For example, in estimating exposures in an accident, ground livel releases
were assumed. The rise of the heated plume in.a fire was not considered,
although in most cases that would reduce the ‘effects. The distribution
of population demsity in the Eastern United States as projected by the
Staff for 1980 was taken as representative of the population densities
along routes on which the shipments will travel.

For analysis of accidents, random distribution of the population was
assumed; that is, it was assumed that an accident may occur'in each
population density with a probability equal to that with which that
density is found in the distribution. In general, however, the prob-
ability of an extremely severe accident is less in the higher populated
areas owing to generally lower vehicle speeds and, for rail transport,
better maintained roadways.

Some accidents in transportation may produce stresses on packéges'more
severe than the stresses the packages are designed to withstand. The
consequences of such accidents could be serious but the probability of
occurrence of such accideats is extremely low. Quality assurance for
design, manufacture, and use of the Packages; continued surveillance and
testing of packages and transport conditions; conservative design of
Packages; and the low probability of occurrence make the environmental
risk from such accidents extremely low. : : »

For this analysis, the Present methods of packaging, ways and meams of
transportation, traffic patterns, etc., have been assumed to continue
in use for the projected period of operation of the reactor.

The values of package damage chosen are related to the present level

of design requirements in the packaging standards and criteria. Should
the standards be lowered, the fractions of packages damaged in all types
of accidents would be expected to increasc, although the exact relation-
ship would be difficult to predict. If the standards were increased,
the fraction damaged would be expected to shift downward. Since the
daqage to the package does not depend directly on the severity of the
accident, adding structural streagth or stress resistance to the design
would not be expected to reduce damage in direct proportion to the

added strength. Furthermore, the added strength may increase the risk
from common causes due to increased weight and number of shipments.

Based on consideration of the quantity and form of radioactive material

in the package, postulated accident conditions, and certain other factors,
the following estimates wvere made of the number of curles, Q, of radio~
active material which might be rsleuzsed from a damaged package. .
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For any set of accident conditions which causes a breach in the coptatiner,

a range of amcuacs of radioactive material might be released; that is, the
quantity cight range from nothing to a significant fraction of the conteats.
The amount estimated to be released, Q, represents the most probable

maximum release for that set of accident conditions. An amount greater

than Q is ccosidered to be less likely to be released under the same con-
ditions than the estimated amount. ’

If sufficient data were available, the probability of release, Pr, for

each release could be calculated based on the probability of an accident of
a particular severity occurring, the probability of a package belug breached
in such an accident, and the probability of the release occurring with the
package breached. . - .

Using the calculactive method outlined in Section II of Appendix B, the
probability of release, Pg, and amounts of radioactive release,

Qg, could be used to derive estimates of the probability that N or more
persons would receive a radiation dose of D or more mrem in a transporta-
tion accident.

The calculative procedure requires a determination of the probability of

one or more perscns receiving a specified dose for each of the accidents
postulated. A summation of the probabilities for all of the accidents in

a spectrun of accidents would provide an estimate of the overall probability
of one or more persons getting a dose of D or more mrem from all accidents.

The spectrum of accidents should include the entire range of credible
accidents up to the point that either the probability or the consequences
of other accideats is so small that they would be unlikely to affect the
value calculated for the postulated range of accidents.

Unirradiated Fuel

Because of the low level of radicactivity in unirradiated fuel, the design
of packaging for unirradiated fuel is not required to be as rugged as the
design of packagings for higher levels of radioactivity, and therefore ia
wore sugceptible to damage in an accident. The form of the unirradiated
fuel, i.e., high-density, high-melting point pelletized uranium oxide
coatained in sealed zircaloy tubes, makes the dispersion of any of the oxide
extremely unlikely even in the event of severe damage to a package of fuel.
The radioactivity of the oxide is very low. Even 1f some dispersion were to
accur, the rcaiation doses would be very small. Except for an accident
resulting in zuclear criticality, the radiological impact on the environment
from accidents iawolving unirradiated fuel is negligible.
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Conta’ners for shipping unirradiated fuel are required to be designed to
prevent accidental criticality under normal and accident conditions. Con-
sidering the practical conditions required for achieving criticality (viz.,

. Telease of a nunber of fuel elements from their respective coatainers,

assembly of these elements in a close array and moderated, e.g., with water
in and around the assembly), the probability of criticality befng achieved
in an accident is extremely small. If such an accident should occur, the
consequences would be mitigated by having taken place in a moderator such
as water vhich acts as both a radiation shield and an absorber of some of
the gaseous fission products which might be released.

The consequences of postulated accidents involving unirradiated fuel
shipoents are summarized below: R

1. Normal conditions--nothing released even 1f the 1id i3 loose.

2, Accidents—nothing significant released except in unusual circumstances:

a. Fuel element is knocked out of a package and run over by a train.
It is unlikely that contamination of other than localized areas
would occur; no significant airborne contamination would be
expected.

b. Accidental criticality. Consequences:

In the unlikely event of accidental criticality, the critical
array likely would be quickly disassembled by pressures developed
during the reaction byt a nuclear explosion is impossible. The
critical reaction would last only a few seconds aad probably
would not recur. It is estimated from 10'7 o 1018 fissions
might take place16 but this would not be expected to cause
release of any radioactive materials from the fuel elements.
Residual radiation levels due to induced radioactivity 1in the
fuel elements might reach a few ren per hour at 3 feet.

Persons within a few feet of such a critical assembly would
receive a lethal dose of gamma and neutron radiation unless
shielded by intervening material. Persons beyond 100 feet
wouid be unlikely to receive serious radiation exposures; the
cumulative dose to the 7500 persons located within 1/2 mile of
the incident but beyond 100 feer is estimated to be no more
than 300 mar-rem. The consequences would be reduced because

the reaction takes place in a woderator such as water which acts
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both as a radiation shield and an absorber of some of the gaseous
fission products 1f any were released. Recovery of the fuel
elements and cleanup of the immediate area would be required.

Irradiated Fuel

Irradiated fuel is packaged in large, rugged containers, frequently with
liquid coolaat, because of the high radiation levels and heat output.

At the time of shipment, the irradiated fuel will have been "cooled"
about 150 days, on the average. The total radioactivity in the fuel will
be approximately 4 x 10° curies per metric ton of frradiated fuel.

Meagurements made {n reactor operation show that no activity other than
Some gases vwill be released from intact fuel gssemblies. That means that
unt{l the fuel cladding 1s broken or perforated, only the surface con-
tanination on the fuel assemblies (activation and corrosion products,
mostly Co-60 and Fe-59) would be expected to be present outside of the fuel
cladding.

If the cladding of a fuel rod 1s penetrated, some of the radlioactivity
from inside the fuel rods may be released. The staff estimates all of
the free gases in the void spaces and a fraction of the gsemi~volatile

and a smaller fraction of the non-volatile fission products and actinides
might be released. Table 2 gives estimates of the activities in gaseous -

‘or other mobile form in the fuel rod void spaces which would be available

for release from the fuel rods 1f the cladding were broken or perforated.
The gases of significance are Kr-85, Xe-13lm, and I-131.

. Because of the regulatory limits in 10 CFR 71.35 on the radioactivity in the

cask coolant, any fuel assembly which is releasing a significant amount of
radioactivity must be placed in a separate, sealed container (i.e., "canned")
prior to being loaded into the cask for shipment. Fuel assemblies releasing
significant amounts of radioactivity while in the reactor will have been
identified before being discharged from the reactor but some so-called
“failed fuel” may go undetected. In the case of "fatled fuel,” much of the
radioactivity in the fuel rod void space way have been released during the
time the assembly remained in the reactor after failure and while stored in
the canal for cooling prior to shipment.

It is belleved conservative to assure that, under normal conditions of trans-
port, 0.25% of the free gases and other activities from the fuel rod

spaces would be outside the fuel assemblies in the cask coolant or cask
cavity, ian addition to the surface contamination mentioned above. Some
residual coccamination from the storage pool might also remain in the cask
cavity and hence the coolant, since the loading operation 1s carried out

in the itorage pool water.

E Under normal conditions the primary coolant, that i3, the coolant which

is in contact with the irradiated fuel in the cask, may be contaminated
but the level of contamination will be small. Based on receat experience
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reported at the Savannah River Plant, the activity in water-filled casks
ranges from 10™% to 10~2 uCi/cc. PBor the higher burn-up power fuel, a
level of 1 uCi/cc has been estimated. The activity may include a mixture
of activation, corrosion, and fission products.

The total amount of activity im the coolant based on 105 cc of coolant in
a rail cask and 105 cc in a truck cask would be 1 Ci and 0.1 ci, respec~- I
tively. For purposes of estimating releases in accidents, that activity
is assumed to be present in the coolant in the form of fission products.

" Under normal conditionms, that activity would be present in addition to the

Kr-85 and I-131 released from the air gap in the fuel due to perforations
1o the cladding of a small fraction of the rods. From preliminary analyses,
it appears that 1t would require a severe impact, probably in excess of 50
miles per hour, to cause fuel rods to rupture. When accident conditions
result in perforation of a greater percentage of the rods, additional
fission products are assumed to be released as indicated in Table 2.

Most casks have a pressure relief system which is expected to vent'when
the intemnal pressure exceeds a preset level. At present, the systems !
are usually designed to reseal after the excess pressure is relieved.

TABLE 1

Basic Estimates - Irradiated Fuel

0.5 M irradiated fuel per cask fé; truck
3.2 MT irradiated fuel per cask for rail
1 cask per truck of rail car
60 tryck shipments per 1100 MWe . reactor-year
10 rail shipmeats per 1100 MWe reactor-year
1000 miles shipping distance from power plant to fuel recovery plant.

Percentage of material released from irradiated fuel cask whick
becomes airborne: -

- 1002 of gases (krypton & iodine)
12 of the contaminants in the coolant in the absence of fire

and 10X {f fire is prescnt.
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TABLE 2

FUEL ROD VOID SPACE ACTIVITY

Total Inventory16
150 days cooling
curiea/metric ton

Z in void spaces

of fuel rods

Activity in
void spaces, curies/
metric ton

Kx-85
1-131

Other fission
products

Actinides,
(Pu,An,Cn,etc.)-

Xe-131m
1-129

B-3

l.12 x 10‘

2.17

4.39 x 10°

1.36 x 105

3.27
2x103 20

6.92 x 10°

30
2

0.01#n

essentially
none

2

30

1

3.4 x 10°

4.3 x 1072

" 400

neg. vk
0.1%4a
6 x 10"*"

Thrn

* Realistic gap activities in terms of percent of total iaventory
prepared by AEC's Directorate of Licensing based on references 20

through 32.

#% A conservative
outer 1.2 x 10~

H

high) value estimated on the basis of leaching the
inches from the surface of the uranium oxide fuel.

#&% Due to the small amounts present, the dose contribution from Xe, 1-129,
8-3, and the actinides may be meglected compared to the doses from
the other radionuclides.
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TABLE 3

ESTIMATED RELEASES FROM RAIL CASKS
UNDER UNUSUAL ACCIDENT CONDITIONS

Q, Activity Releaged*
_ (1n curies)

I-131 Fissfon Products

-4

Ik

I. Undetected Leak: - - 4.5 x 10
coolant released at
& rate of 0.001 cc/
sec; 450 cc in 5
days
II. Overpressure 0.03 3x 10—7 1x10
Pressure relief
valve operated 0.1X
of coolant released
0.252 of fuel rods
perforated

I1I. Overbeated 30 3x10° 1

All coolant released
IV. Assume 50Z of fuel 5.5 x 10° 0.1 650
rods perforated -

- all coolant released

#* Based on the rail cask containing 3.5 metric tons of fuel. Equivalent
releases from truck casks carrying 0.5 metric tons of fuel would be
about 1/7th the activities shown except for the undetected leak which
would be the same as shown.

I
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In one design of rail cask now under evaluation (GE, IF-300),5%5 complete
failure of the external cooling system will cause the cask to overheat
over a period of several hours. In that case, under certain adverse but
wlikely conditions, the temperature of 50% of the fuel elewents would
reach 1200°F, which could cause perforation of the cladding on some of
the rods if the elements were of the present PWR type. According to the
aalysis, the present BWR type of elements would not be expected to
perforate.

Truck casks are not expected to reach rod petforat!on temperatures except
under an extended fire condition.

Four exazples of postulated accldents involving 1ttadlated fuel casks
are given below.

Example 1. A rail cask containing 3.2 MT of irradiated fuel is in an
accident involving a severe impact and fire which causes a breach in the
containment. If 10Z of the rods were perforated and 100X of the coolant
released, as much as 1.1 x 103 Ci of Kr-85, 1 x 10~ Ci of I-131 and 130
Ci of gross fission products could be released.

The consequences of this type of accident were estimated assuming a
ground -level release under average weather conditions with all of the
krypton and fodine and 1X of the gross fission producte being dispersed
in the sir. Because of the severity of the accident and the precautions
taken immediately afterward, persons are not expected to be closer than
50 weters downwind from the accident, the direction in which the highest
exposures would occur.

A cumulative whole-body dose of about 0.4 man-rem from the Kr-85 voul.d

be received by the million people nearest the accident, assuming 10
persons per square mile. Persons 50 meters dowmwind could receive doses
25 high as those given in the Table 4. ’

The contamination on the ground, assuming the coolant is released as
vapor and the coatamination dispersed, would result in Range I levels,
requiring decontamination according to standards®® of the Environmental

- Protection Agency, over an area of about 3000 square feet and Range 11X
© levels, requiring further consideration as to whether specific action

would be required, over an area of about 0.1 square mile. For a high
population density of 10,000 persons per square ufile, only one person

must be evacuated in the 3,000 square foot area that is contaminated;

the cost of evacuation and contamination cleanup is estimated to be $10,000
to $50,000.
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TABLE & .

CALCULATED DOSES FROM RAIL ACCIDENT

Centerline Dose*
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Average Doge®

Organ (rem) (rem
Skin . A 3 0.06
Bone marrow,

gonads, lens.’ . -4
of the eye 0.02 8 x 10
Thyrotd 0.02 1x 1073

Bone ‘ 6 0.3
Lung 8’ 0.4

The radioactive material would be distributed downwind from the

would be cigar-shaped.

‘accident so that the isopleth (i.e., boundary lines of equal doses)
The centerline dose is the dose which might

be received by a person on the centerline of that pattern at a

distance of 50 weters from the accident and the average dose is the
average of the doses to all persons at 50 meters in all directions
from the accident. )

"o

The consequences of the accident described in this example also were
estimated using the method outlined in Section II of this Appendix. The
probabilities of N or more persons receiving doses of D or more millirem
@5 a result of a release of 1.1 x 103 Ci of Kr-85, 1 x 1072 ¢i of 1-131,
and 130 Ci of g.oss fission products, with all of the krypton and iodine
and 1% of the gross fission products being dispersed in the air, were
calculated. The values for Py/Pp are given in Table 5 through 8.

The aumber -F rail shipments of frradliated fuel from a reactor is esti-
mated to be 10 per year. For a shipping distance of 1,000 miles, that
makes a total of 10,000 shipping miles per year. The probability of a
shipment being involved in an extra-severe accident in transport is 1 x 10”1}
per vehicle mile (see Appendix A). Based on the accident data available,
the standards for design of the package and results of package tests, we
estimate no more than 1 in 10 packages involved in an extra-severe accident
would be damaged to the extent that a release of the magnitude specified
could occur. Based on these numbers, the probability of a release (Pg) of
the magnitude specified would be approximately 1 x 10-8 per reactor year
from a transportation accident involving irradiated fuel.

If the probability of the release occuring is taken to be 10~8 per reactor
year, the probabilities (Py) of N or more persons recelving doses of D or
more millirem per reactor year from the rail transportation of frradiated
fuel would be the probabilities in Tables S through 8 multiplied by 10-8.
That is, each value given in the tables for (Py/Pp) should be multiplied
by (Pg) to obtain the probability (Py).

A8 shown in the Tables 5 through 8§ even 1f the probability of a release
were substantially higher than 1078, the probability of a gsignificant

exposure as 8 result of releases of the magnitude assumed would still be
small. o

Example 2. Some designs of rall casks have an extermal mechanical cooling
system. An accident may cause moderate damage to the cask such that the
mechanical cooling system becomes inoperative. If no corrective action is
taken and the ambient temperature is above 100°F, the temperature of the
fuel in the cask will increase enough in a few hours to cause an over—
pressure in the cask cavity, and some of the coolant will be released
through the vent system. This also may occur in some cask designs if the
cask is involved in a severe fire.57 - . :

Venting may occur in a series of releases; oné design permits about 5% of

the gas in the cask cavity to be released at a time. The activity released
vwould be quite small, amounting to perhaps 5% of the total activity in the
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coolant. That design contains approximately 2,3 x 10% cc of water. For a
contamination level of 1 microcurie per cc, the total activity released

would be about 0.1 curie of primarily cesium-137.

Example 3. The rail cask in Example 2 i{s left unattended for several
hours. The temperature of the fuel in the cask will continue to increase
until adequate means are provided for dissipation of the heat. In a
matter of several hours, some of the fuel may reach a temperature at which
the cladding will perforate. Perforation is due to overpressure of gases
in the air gaps and weakening of the cladding due to increased tempera-
ture. For example, in one rail cask design if the mechanical cooling
system 1s inoperable and the ambient temperature remains at or near 130°F
for at least 11 hours, the designer estimates 50% of the fuel rods may
reach 1200°F, which is the perforation temperature for PWR fuel rods,
Under the same conditions, BWR fuel elements would not be expected to
reach perforation temperature. '

The likelihood of a cask remaining unattended after loss of mechantcal
cooling or after being involved in a serious fire for a period long enough
that overheating would be expected can be reduced by appropriate administra-
tive controls such as escorts, alarming the mechanical cooling system, in-
spection of the shipment at regular intervals, and notification of the
shipper in case of any failure of mechanical cooling or involvement in an
accident. Where considered important, shippers may be required to establish
and implement such procedures. ’

The radioactivity released in such an accideat could be as much as 5.5 x 103
C{ of Kr-85, 0.1 Ci of I-131, and 650 Ci of gross fission products.

Example 4. Perhaps an accident results in the cask belng covered with

dire and debris in a landslide or dumped into a pile of soft dirt or other
cargo so that the cask would be unable to dissipate all of the heat gen-
erated by the fuel. Under most circumstances, the cask would be removed
before reaching excessive temperatures, and the accident would produce no
adverse consequences. other than cost of recovery. However, the temperature
of the container would continue to rise until the container reached equilib-
rium or was removed from the insulating surroundings. If a ratl cask were
not removed, the releases could equal those postulated above for the loss

of mechanical cooling. . B

Release of Irradiated Fuel Elements

Considering current cask des;,;n pracruice;, it is improbable, but not
lmpossible, that a cask could be damaged to the extent that one or more
fuel elewments would be released from the cask. The methods of installing
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and securing cask closure devices are such that the closure device is not
likely to be opened or removed In any accident. Release of a fuel element
is wlikely except in an extremely severe accident in which unusual
circunstances cause rupture of the cask. ’

If seven irradiated fuel elements were released from a cask in an unusual
accident, the radiation level at 100 feet could be as much as 10* r/hr.
Assuning the fuel elements remained unshielded for 10 hours, approximstely
30,000 persons within a aile radius (based on 10% persons/square mile)

might receive a cumulative dose of about 1000 man-rew. If a person remained
unshielded at an average distance of 100 feet from the fuel elements for 6
minutes, he wight receive a dose of as much as 1000 rem. Persons remaining
near the exposed fuel for any appreciable length of time may receive large
doses of radiation. Someone at a distance of 10 feet from the exposed fuel
for about a minute, would receive a dose of 1000 rem. Remote equipwment

would be required to erect a shield around the fuel elements or to place
them in a shielded box or to repackage them.

Relationship t_)f Releases to 10 CFR Parc 71 Limicts

The amounts of radioactivity estimated to be released from an irradiated
fuel cask in the accidents postulated for this analysis differ from the

design criteria were derived on the basis of both safety and feasibility

for a range of contents and container designs which had been identified
at the time that rule was being developed.

Solid Radioactlive Wastes

" Estimates of probabilities and amounts of releases of solid radioactive

wastes in accidents in transportation involve considerations difierent
fromA those for frzadiaced fuel. The packaging for solid wastes includes
both Type A ard Type B packaging so that some of the packaging for vaste
is oot expetted to withstand the accident conditions.

The containment is provided by the form of the material (i.e., radioactive

aaterial bound on clothing, dispersed in concrete, or othervise confined
to some degree) and by the Package-—drums in myst cases. The drums are
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) ! . TABLE 5
expected to lose lids under accident conditions with probability equal to .
that estimated for a small breach of containment. t . PROBABILITY OF N OR MORE PERSONS RECELIVING
; ‘ ; A DOSE TO THE SKIN OF D MILLIREM OR MORE FROM
The form of the material ranges from compacted combustible materials to ; THE RELEASE OF 1100 CURLES OF KRYPTON-85 IN AN ACCIDENT
o~ material which has been dewatered and solidified, in wost cases as concrete.
The radioactive contamination in compacted waste usually will not be in an : Number of
available form if released in an impact; that is, pieces of contaminated : Peopl °
E-n:. clothing, etc., may be spread around, but the contamination is bound on . NP € ] . Dose (millirem) D .
the inert materials, such as clothing, and 1s unlikely to be released from ’ —_ 3 10 100 1000 5000
o the clothing unless bumed or washed out by water. On the other hand, the i ’ - -
contaminated concrete is not likely to be affected by fire, but some of the 1 0.9 0.5 0.1 2x1202 -3x1073
concrete may be shattered by a strong lwpact force. :
o y ced by g lup 10 0.6 0.2 3 x1072 1 x 1073
The probability and extent of release from a package of solid waste is about 102 0.2 —2 _3
the same whether the waste is transported by truck or by rail. The same . ¢ 4x10 2 x10
types of packages are shipped by truck and by rail. The only difference 102 7 x 1072 2 0-3
is that more packages are carried on a rail car than on a truck. The x x 1
probability of an accident of any of the defined degrees of severity is 10* 1x 1072
shown to be about the same for rail or truck per vehicle mile.
' : : 105 -
o~ The number of miles traveled by truck is greater than that by train in 3x10
proportion to the number of drums carried by each. Therefore, the proba-
o~ bility of a load of drums being involved in an accident is greater by truck N R AR R
than by rail but the larger number of drums in the rail car balances the
difference in terms of probability of leakage of a drum of waste. ; )
o ; TABLE 6
D PROBABILITY OF N OR MORE PERSONS RECEIVING
A DOSE TO THE THYROID OF D MILLIREM OR MORE
FROM THE RELEASE OF 0.01 CURIES OF TODINE-131 IN AN ACCIDENT
O Number of - '
People 1 10 100 1000
S 0.5 9 x 1072 1 x 1072 2 x10™
10 | 0.1 . 1x10°2 4 x 1074
102 . 2x107 §x107"
103 ix 103
L
LG
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PROBABILITY OF N OR MORE PERSONS RECEIVING
A DOSE TO THE WHOLE BODY OF D MILLIREM OR MORE
OVER A PERIOD OF ONE YEAR FOLLOWING THE RELEASE
IN AN ACCIDENT OF 130 CURIES OF GROSS FISSION PRODUCTS
WHICH DEPOSIT ON THE GROUND. 80X OF THE DOSE IS TO THE SKIN

Number of

People Dise (millirem) D
N 1 10 100 1000 . __5000 10000
1 1 1 1 0.9 0.7 0.7
10 1 1 0.9 0.7 0.3 0.2
102 1 0.9 0.6 0.3 0.1 6 x 10°2
102 1 0.7 0.4 9x1072 2x1026x10°3
104 0.8 0.5 0.2 3x1072 9 x 107 2 x 1074
10% 0.7 0.4 8x10°2 2x10?
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~ TABLE 8

PROBABILITY OF N OR MORE PERSONS RECEIVING
A DOSE TO THE LUNGS OF D MILLIREM OR MORE FROM
1.3 CURIES OF GROSS FISSION PRODUCTS RELEASED IN AN
ACCIDENT WHICH BECAME ATRBORNE

Number <f ’

Perple Dose (millirem) D
N 1 10 100 1000 5000 10000
1 1 0.8 0.3 5x102 1x1002 4 x103
10 0.8 0.3 6x1072 4x107°  3x120% &x108
102 0.4 9x102 6x103 1 x107"
103 0.1 1x1002 2 x107"
10% 4x10°2 5 x10°%
105 6 x 107 /
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" TABLE 9 |
Basic Estimates - Solid Radioactive Wastes

1073
0.28

P
3
2
2 .

a. Sofr solid wastes compacted in 55-gallon drums.

2.5 x 1075

severe impact

100 drums produced per 1100 MiWe reactor year

25 drums broken open-

1 curie of radicactivity per drum
"~ 2 truck shipments per year; 50 drums per truckload

1 rail car shipment per year; 100 druns per carload

et

2.5 x 1072

1000 miles shipping distance from power plant to waste disposal site.
If the waste burmed in an open fire, it is unlikely that much of the i

activity would be widely dispersed. Most of the activity, perhaps i
as much as 992, would rematn in the ashes.

Contents of 25 drums
) burned

b. Resins, sludges, etc. dewatered and consolidated in 55~gallon drums.
3000 drums produced per 1100 Mie reactor year.

98X - Type A packages, limited to 20 curies/drum. About 32 low

level compacted wastes and 952 average less than 0.3 curie
per drum. :

4o

22 - Type B packages, 100 Ci waximum estimated activity per package;
average estimated about 20 curies per drum.

Q = Activity in curies that become airborme
1078
107
107

60 truck shipments per year; 50 drums per truckload

spilled out

20 rail car shipments per year; 150.drums per carload

Contents of 1 drum

" 500 miles shipping distance to waste disposal site.

Because of the form of the material, it is very unlikely that any
significant amount of the activity in material burned in an open fire

would be released, probably less than 10™5 of the activity in the
contents. .

TABLE 10
ESTIMATED RELEASES FROM PACKAGES OF RADWASTE

* Table 10 gives the estimated quantities of radicactive material which could be
released in postulated accidents. The estimates are considered to be maximum
values for the accident listed. Larger releases would be expected to have
lower probabilities of occurring. The activity is expressed in curies of

airborne fission productz, although some othker radioactive materials of lower
degrees of toxicity would be present.

Lid loose
- one drum

1078
1077
1076
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‘APPENDIX B - SECTION II

POPULATION DOSE DISTRIBUTION PROBABILITIES
————= o R DU ION PROBABILITIES

1f radioactive material is released to the atmosphere in a short
period of  time at ground level and 1f {t is assumed that there is no

exposure to this material is
D= QOK(X/Q)

vhere Qo = curies released

3
- (remn”)
K = dose coefficient (ci-sec) (These will be identified later)

Values of (X/Q) as a function of distance for ground level releases are
given in Figure 1.

Values of ‘isopleth areas Ajw (the area within which a particular dose
D; is equaled or exceeded) in square miles for selected values of the dose
parameter Di « (X) are shown for Pasquill type weather conditions in
, QK T (@, -
Table 1 along with the weather probabilities and average wind speeds.

The number of people who receive a dose greater than D; is proportional
to the population density in the area 1nvolved, The probability of giving
doses greater than Dj to N or more People is proportional to the probability
of the release for a given weather condition being in an area with a
population deasity m such that m = N/Am.

The fractional areas (Fg) with various Population density ranges based
on the populations within 50 miles of presently operating reactors calculated
for the 1980 time period are given in Table 2. The table also gives the pro-
gressive summing of these fractions in two directions. This population
distribution Fepresents a relatively high average population density probably
typical of the eastern United States. A distribution typical of the whole
United States would be similar in shape but the fractional part with popu~

lations of 10,000 people or more per Square mile would be about a factor of
10 less or about 0.001. ’

Given that a randomly located release has occurred, ,the probability

of the release being in an area with less than m people Per square mfle is
Conversely, the probability o: the release being in aa area .with
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more than @ people per square mile is ! - [ F(m). The population is
assumed to be uniformly distributed around the scene of an accident, with
a density of m persons/mi2. The probability of any particular value of
m i8 the same as for a random point in Eastern United States as projected
by the Staff for 1980, based on data of the U. S. Bureau of Census and
the results of a study of the 1980 projection of the population density
distributions within 50 miles of 22 operating reactors. The functfon of
m used for subsequent calculations is Pyn). the probability that the
population density exceeds m persons/mi’. P(>m) is given in Table 2 and
in Pigure 2. If the probability of release in an area with more than m
people per square mile is defined as Pm, then Pu = Pg (1 - T F(m)) where
Pp 13 the total probability of release in the selected zone. The value
of Pu/PR vs. m 18 shown in Pigure 2. The partial probability of giving
more than N people (vhere N = mA;y) doses greater than Dy for emission
during a particular weather condition is given by

.|
P“ - PBPR [1 - Fm] wvhere m = ‘u'

The total probability is then

- - wh fe m= N
P" Pg PH 1 - ¥(m)] e N
iw
The process of calculating thz value of PNIP is lllustrate: ::lfigure
3 for the case where D1 /QpK > 10~4. The individual partial probal ties
for each weather condition are shown along with the total. Total values
of l’”/l’l for other values of the dose parameter are given in Figure 4.

Values for the dose coefficient K are given in Table 3.

Pigure 5 13 a plot of values of D/KQ versus P,z/PR taken from Figure 4.
Civen Q (the curies released in an accident), Pp (the probability of a
release of that number of curies or wore), and K (the dose coefficient),
the probability of N or wore persons receiving a dose of D or wore wrenm
from that release can be determined.

The probability of N or more persons receiving a dose of D or more
millirem per reactor year from transportation accidents is the sum of the
probabilities of N or more persons recelving that dose from each accident
in the spectrun of credible accidents.
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The estimated doses frow iodine-131 releases are based on uptake from
inbalation of contaminated air. The potential exposure from deposition

" of iodine on grass and uptake through the milk chain would be significantly

below the levels of direct exposure for the accidental releases considered.
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TABLE 3 VALUES OF

DOSE COEFFICIENT K

K ‘ren-m’!
Radionuclide Dose (Ci-sec)
1-131 Thyroid - child dose 2
— due to inhalation 4.76 x 10
- adult dose 2
due to inhalation 3.18 x 10
r-85 skin - due to submersion
in the cloud 0.053
Gross fission Vhole body-(80X of which 1s 7.3 x 102
products skin dose) due to material .
(33,000 Mb/MT deposited on the ground
burnup, 30 MJ/MT assuming no depletion of
er level, cloud. Exposure during first
150 days cooling) yea: after release, assuming
0o loss {rom ground.
Lung-due to inhalation 1.11 x 102 )
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APPENDIX C

RISKS IN TRANSPORTATION ACCIDENTS FROM

- - COMMON (NONRADIOLOGICAL) CAUSES
e, w A
. 3 Injuries, Fatalities, and Property Damage
] =

In most cases, when a shipment of unircadiated fuel, irradiated fuel,
or solid wastes is involved in an accident, the effect on the environmeat
from radiation will be very much less than that from common causes.
Statistics supplied by DOT indicate that of the reportable truck accidents
in 1969, 331 involved non-fatal injuries and 3.1% involved fatalities.
Statistical data on accident probabilitfes, reportable accidents, and
H . injuries and deaths from common causes are summarized below:

TABLE 1

ACCIDENT STATISTICS - COMMON CAUSES

Probabilicy

. Data (Accidents/vehicle- Injuries FatalPties
Mode - Year aile) Per Accident Per Accident
Truck 1969 1.7x10°8 0.51 0.03
Rail 1969 WIS T 2.7 0.2
Barge 1970 1.5 x 1075 0.06 0.0

#Single rail car.

The following are estimates of the effects from common causes in the
shipment of cold fuel to the plant and irradiated fuel and solid waste
from the plant and return of both the cold fuel and irradiated fuel
shipping container=. If all tramsport were by truck, the total number
‘of truck miles would be about 155,000 per year. Based on the above data
it 1s estimated this would cause about 0.1 injuries and 0.0l fatalicies
per reactor year. '

>
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If the cold fuel is transported by truck and the irradiated fuel and
8solid waste by rail, the total truck miles would be about 12,000 and the
total railroad car miles about 15,500 per year. It is estimated this
would cause about 0.02 injuries and 0.001 fatalities per reactor year.

1f the cold fuel and solid wagte are transported by truck and the
irradiated fuel by either rail or barge, the total truck miles would be
about 35,000, and the total railroad car miles about 10,000 or the
total barge miles about 5,000. In either case, it is estimated this
would cause about 0.03 injuries and 0.003 fatalities per reactor year.

Also from the 1969 accident statistics for truck transport, about $72
million worth of property damage was reported in about 39,000 accideants
or approximately $1800 per accident. The property damage for rail
accidents 15 estimated to average $5800 per accident.5® Similar data
are not available for barge accidents.

The estimated impact on the environment from common causes in trans- .

portation associated with the reactor are summarized below:

TABLE 2

Envirommental Impact for Common Causes -
Per Reactor Year

Mode of Tramsport Fatalities Injuries Property Damage
by truck : 0.01 0.1 $475
by truck and rail 0.061 0.02 $ 50
by truck and rail or ‘
barge - 0.003 0.03 _ $120
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APPENDIX D

CALCULATIONS OF THE DOSE TO PEOPLE

ALONG THE SHIPPING ROUTE UNDER NORMAL TRANSPORT CONDITIONS

Introduction -

This is a description of the method used to calculate the dose to
persons along the shipping route from a vehicle containing a shipment of
radioactive material. The calculations show that the individual dose to
any one person along the route is extremely small and, although large
numbers of persons way be receiving this small dose, the cumulative dose
to all the persons involved is also small.

The radioactive shipment on the vehicle is a point source for distances

from the source of 100 feet or more. For this calculation, based on the
regulatory limit of 10 mrem/hr at 6 feet from the surface of the vehicle,
the maximum radiation level at 10 feet from the apparent center of the
source was estimated to be 10 mrem/hr. The radiation dose to individuals
at various distances from the passing source was calculated and summed

to determine the total accumulated population dose.

1. The dose rate D at an exposure point from a radiation source can be
approximated as follows:

D (srea/hr) = 52 e VT B{r)
: r
vhere K = constant dependent upon source strength (mrem—ftz/hr)

r = distance between source and exposure point (ft)
@ ¥F = attentuation factor due to gamma interactions with air
occurring between source and exposure polnt (u = linear
absorption coefficient {1.18 x 1073 fc~1))

B(x) = buildup factor to account for scattered components
returning to exposure point

2, The buildup factor B(r) is difficult to calculate accurately (i.e.,
with an error less thaan +5Z) but can be reasonably approximated.
The attached graph shows buildup factors as a function of the atomic
oumber Z of the absorbing medium and the distance between the source
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and the exposure poiht for 4 MeV gamma rays. Using values from that
graph and assuming B(r) is a linear function, the buildup factor was
estimated as follows:

S B(r) »mr + b

at r= 850 feet; B = 1.5
T = 1700 feet; B = 2.0

+a=6x10°% g1
b=}l

B(r) = (6 x 10°%)r + 1

The average gamma ray energy for fission products 1s known to be about

1 MeV. BRowever, the use of the easily available data for 4 MeV gamma

rays will oot result in an error which i{s large compared to the preci-
sion of the calculation. :

3. The dose to an individual at an exposure point is deterxzined by

integrating the dose received by that individual as the radiation
source passes his position.

TCenteriine of
Shipping Route

P (exposure point)

l
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p.d—" dD = Ddt

at x = distance along centerline of

shipping route

v = velocity of vehicle = :_x_

0~ 5

total dose D = [

(mren)

d = perpendicular distance from
centerline of shipping route

Ddx

<

I, 2 B(r)dx

- e_"(,z,dz)llz ’

L

D~

< m

D(d) = =

<

B([x2 + d2)1/2)4x
(x? + d2) .

Since the integrand is an even function,

_u(xz + d2)112
2 +‘d2)
2

lIZ)

2() - ;2—'5 Il B([x? + 43

° &

Since rz - xz +d

dx

Zrdr = 2xdx
and dx = i dr = __ r  4dr’
2 - dh1/?

p@ - X S po
r

T
dr
(‘,2 _ d2 lIZ

g[.e-u_rn
v d r

. r) -
- dr
(rZ - d2)1/2

= m6x 1074 + 1 e :

dr
v d '(‘_2 - dz)uz .
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4. 1In order to obtain a quantitacive estimate of dose,. the following
assumptions were made: } TABLE 1
: ¢
(a) the source strength, K, is such that cthe exposure rate is Distance from Centerline Individual Dose at
10 orem/hr at 10 feet. That is: 10 mrem/hr = K/102 or of Shipping Route (feet) Given Distance (urem)
K = 10° orem ft/he. 100 - 5.8 x10°%
(b) the vehicle travels 200 miles/day. 200 2.5x 10-‘
v (velocity) = 200 miles/day = 200 (5280)/24 (ft/hr) 300 1.5 x 107
v = 4.4 x 10* fe/nr ' 400 1 x107t
Based on a uniform distance traveled each day and uniform dis- 500 ’ 7.1 x 10-5
tribution of persons along the route, the cumulative radiation i ) ’ ’
dose to the population is the same whether the vehicle 1s moving 100 . R 4 x 10—5
all of the time at a constant rate of speed or standing still
part of the day. 900 . 2.5 x 107°
(c) there are no people closer than 100 feet. As calculated below, 1000 2 x 10-5
the dose to persons farther than 2600 feet from the vehicle is
negligible. : “ 1300 " 1ax 100
(d) the i)opulation density is 330 péop].e/mile2 uniformly dispersed ¥ 1500 7.8 x 10'6
along the route. ’ y :
_ - / _ 1700 ' 5.5 x 1078
Substituting, we have: . 6
G -4 -vr ' 2000 3.4 x10
D)~ 45 w102 SlEx10 crlle g - :
(e - &4 , : _ 2300 _ ‘ 2.1 x 1078
D is the total dose (mrem) a person standing a distance d from the ) 2600 1.3 x 1°~6
centerline of the shipping route would receive from the passing ]
vehicle. Total 1.4 x 1073
Integrating the above expression numerically yields the values given .
1in Table 1. . Note:
. Doses at some intermediate distances have been omitced
to shorten the table.
Appendix 'D" -
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5. 1In order to obtain the man~rem dose, it was assumed that on the TABLE II
average in each mile of the shipping route, a total of 165 people
are uniforuly distributed between 100 feet and 2600 feet on each B POPULATION DOSE PER MILE
side of the route. For ease of calculation, 1/26th of the 165 SHIPMENT TRAVELS
' people are considered to be grouped at 100 feet intervals on each
L side of the route. : Estlnated(l) 2 Cunulative
. ) : Radiation Number Population Dose .
O The total man-rem dose per vehicle mile to the persons on one ) Type of Mode of Level of Persons per Mile
: side of the route is: . i Shipment Traosport (wrea/hr) Exposed (man-rem)
T— . 2
(165/26) people/mile (5.8 x 107/ rem + 2.5 x 1077 rem + Unirradiated  Truck 0.1 300 1.8 x 10
(:) cee + 1.3 x 1077 rem) nuclear fuel . :
’ -6
= 6.35 (1.42 x 10 °) man-rem/mile Irradiated . -5
. 6 fuel Truck 10 300 1.8 x 10
= 9.0 x 10 ~ man-rem/mile aatl 300 1.8 x 10-5
For both sides of the route, the cumulative dose is about 1.8 x 10-5 . . 10-6
o man-rem/mile. Barge ) 100 v 6 =
For exaﬁple, if the sgurce travels 1000 miles, the total cumulative Solid radic- . . 1.8 x 10—5
o~ dose would be 2 x 10”% man-rem. The total dose to the individual active vaste Truck 10 300 °
recelving the most exposure under the zonditions assumed from a . 1.8 = lo-S
o single shipment would be abour 6 x.10~% mrem. Rail 300 . e
The average population density in most cases is assumed to be 330
o persons per square mile. This represents an area in which the
population density is high, such as along the East Coast. For the
area west of the Mississippl other than California, an average
O population density of 110 persons pPer square mile should be used

as being more representative of that region. For shipment by barge,
it 1s estimated that for the average barge route no persons regside

S Radiation ievel estimated at 10 feet from spparent center of source.
vithin half a mile on either side of 2/3 of the Toute. .

@ Average number of perséns within 1/2 nile of ceanterline of route.
6. Conclusions . :

The cumulative dose to persons along the route of shipments of
unirradiated and irradiated fuel and solid wastes, based on the
shipment traveling 200 miles per day, estimated radiation levels
in the vicinity of the transporting vehicle shown below and popu-
lation densities discussed above, the population dose in man-rem
for each mile over which unirradiaced fuel, irradiated fuel or
solid waste is shipped 1s given in Table II.
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